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SUMMARY 
The work summarized in this thesis is related to the use of Thin-
Layer Chromatography (TLC) as an analytical method for identification 
and separation of amphipathic compounds (amino acids, surfactants and 
dyes). In quest of developing inexpejisi've irietttodologies for the identification 
and separation ot amphijiathic compounds. s e \ . ^ l chromatographic systems 
involving cost effective layer materials and'n'ovel eluents have been identified. 
The resuhs presented in the thesis contribute substantially to the advancement of 
normal-phase TLC procedures. As an extension to the existing knowledge, 
several new TLC systems have been searched out for quick analysis of 
amino acids (chapters 2-5), surfactants (chapter 6) and dyes (chapter 7). 
The interesting features of the present study include: 
r- Use of different adsorbents in combination of organic solvents for analysis of 
surfactants 
r- Examination of effect of impurities on the separation of coexisting analytes 
r Estimation of limit of detection of studied analytes with proposed TLC systems. 
r- Use of commercially available silica gel. alumina, kieselguhr and cellulose 
sorbents as layer material 
r- Use of surfactant (in the form of electrolyte and micelles) as the component of 
mobile phases to investigate its role in modifying the retention pattern of analytes 
on TLC plates. 
> Use of surfactant modified silica layers for separation and identification of amino 
acids in TLC. 
CHAPTER-1 An introductory part, summarizes brief history of chromatography, a 
comprehensive description on the use of thin layer chromatography as an analytical 
technique, usefulness of surfactants as an eluent in chromatography. Besides, it also 
provides a general idea and structural formulae of amino acids surfactants and dyes, their 
classification alongwith complete literature survey of last fifteen years on the application 
of TLC to the analysis of amino acids, surfactants and dyes. 
CHAPTER-2 Thin layer chromatography (TLC) has been used as an analytical 
technique for the identification and monitoring the adsorption behavior of 27 amino acids 
through soil static flat bed in contact of aqueous solutions of an inorganic electrolyte 
(ammonium sulphate) and an organic non-electrolyte (urea) at different concentration 
levels. Certain amino acids show salting-out and/or salting-in effects under limited 
concentration range of ammonium sulphate. As a result of differential adsorption, it was 
possible to separate closely related amino acids from their mixtures on soil bed using 
O.IM solutions of ammonium sulphate and urea. In addition to the simultaneous 
separation of glycine from arginine and glutamic acid, mutual separations of amino acids 
having non-polar side chains from amino acids having charged or ionic polar side chains 
(basic and acidic) were worth mentioning. Effects of particle size, activation temperature, 
irradition of soil by y-rays and pH of the soil bed. on the mobility sequence of amino 
acids were also examined. The most fascinating aspect of present study is the 
investigation of adsorption behavior of amino acids in the presence of cationic, anionic 
and non-ionic surfactants at their different concentration levels. 
CHAPTER-3 A new thin layer chromatographic system comprising siHca gel layer 
impregnated with micellar solution of cetrimide (5.0 niM) as stationary phase and 40% 
(w/v) aqueous solution of dextrose as mobile phase has been proposed for the analysis of 
fifteen amino acids. The impregnation of silica gel with micellar solution of cetrimide 
brings about a substantial change in the mobility of lysine. Separation of lysine 
(ketogenic) from arginine (glucogenic) is important from physiological point of view. 
Surface modification of silica gel on impregnation, as indicated by FTIR and SEM 
studies, was responsible for improved chromatographic performance. Effect of presence 
of heavy metal cations as impurities in the sample on the separation was examined. The 
limit of detection for lysine and arginine was found to be 0.17 |ig and 0.12 |ig 
respectively. For validation, stability of the mixture, reproducibility, chromatographic 
parameters like ARp, separation factor (k) and resolution (Rs) were calculated. The 
proposed method is simple, rapid and free from the use of volatile organic solvents. 
CHAPTER-4 A new thin layer chromatographic system comprising of silica gel 
impregnated with 0.1% aqueous solution (below CMC) of nonionic surfactant Brij-35 
as stationary phase and 0.1 %> aqueous solution (below CMC) of cationic surfactant 
(cetrimide) as eluent has been found most suitable for the resolution of closely related 
amino acids (phenylalanine and tyrosine) from their mixture. Effect of substitution of 
Brij-35 by cetrimide and sodium cholate has been examined to assess the impact of 
charge of impregnant on the chromatographic behavior of analytes. The changes brought 
about by the impregnation in the structure and homogeneity of silica gel have been 
studied by scanning electron microscopy (SEM) and fourier transform infra-red 
spectroscopy (FTIR) techniques. Optimizations of concentration of Brij-35 and cetrimide 
in the stationary and mobile phases respectively and the effect of bed height on the 
separation have also been examined. Chromatographic parameters like ARF, separation 
factor (k) and resolution (Rs) were calculated for the separation of tyrosine from 
phenylalanine and separation mechanism have been proposed. The limits of detection for 
phenylalanine and tyrosine were found to be 0.25 and 0.23 [ig respectively. The proposed 
method studied is simple, rapid and free from the use of volatile organic solvents. 
CHAPTER-5 Thin layer chromatographic studies of amino acids were performed on 
three differentially charged surfaces of silica gel. alumina and cellulose with 40% 
aqueous solution of five carbohydrates namely dextrose, fructose, maltose, lactose and 
sucrose. 40% dextrose-alumina and 40% dextrose-cellulose TLC systems were identified 
as most favorable for selective separation of glutamic acid and tryptophan from the 
mixture of other amino acids. In addition to this, several combinations of amino acids 
have been resolved on silica gel and alumina layers with 40% dextrose as eluent. The 
lowest detectable limit of glutamic acid and tryptophan, stability of mixtures of amino 
acids and reproducibility of R| values were determined. The proposed method is 
environmentally acceptable because of the use of non-toxic nature of eluents used. 
CHAPTER-6 Thin layer chromatography (TLC) cationic and nonionic surfactants has 
been performed on soil, silica gel. alumina and keiselguhr layers using aqueous solutions 
of ammonium sulfate and urea as mobile phases. Four stationary phases and fifteen 
mobile phases were used to examine the mobility of the surfactants and to discover the 
best TLC system for selective separation of dodecyltrimethyl ammonium bromide 
{D7 AB) from multicomponent mixtures of other surfactants. The mobility of all the 
surfactants was insignificant on soil, alumina, and silica gel, irrespective of the nature of 
the mobile phase. Some of the surfactants were mobile on keiselguhr. Among the TLC 
systems studied. keiselguhr-O.lM ammonium sulfate was best for achieving selective 
separation of DTAB from other surfactants. A salting-out effect on DTAB is reported. 
The stability of the mixture of surfactants on the plate and in solution was also examined. 
The limit of detection of DTAB was 0.3 )ig per zone. 
CHAPTER-7 A new green thin layer chromatographic system comprising of biphasic 
alumina-keiselguhr (1:1) as stationary phase and equal volume mixture of 1% (w/v) 
aqueous solution of cationic surfactant (cetylpyridinium bromide) and nonionic surfactant 
(Brij-35) in 1:1 ratio as mobile phase has been proposed for the analysis of ionic (anionic 
and cationic) dyes. From the point of view of resolution of dyes, mixed alumina-
keiselguhr has been found more effective than it's individual components. In the same 
way. synergism between cationic and nonionic surfactant proves to be more efficient for 
the separation of dyes from their quaternary mixture than the individual surfactants. 
Effect of presence of heavy metal cations as impurities in the sample on the separation 
was examined. The limits of detection of bromocresol green, malachite green, rhodamine 
B and congo red were 0.27. 0.19, 0.21 and 0.23 ^g respectively. Chromatographic 
parameters like ARi. separation factor (a) and resolution (Rs) were calculated for the 
separation of bromocresol green- malachite green- rhodamine B-congo red. The proposed 
method is simple, rapid and free from the use of volatile organic solvents. 
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QeneraClntrocCuction 
l.I [NTRODUCTION 
Anahtical cheniistr\ is concerned wilh the chemical characterisation of matter. 
Chemicals make up e\erything we use or consume, and knowledge of the chemical 
ct)mposiiion o\' man> substances is important in our daily lives. Analytical chemistry 
pla\s an important role in nearly all aspects of chemistry, for example, agricultural, 
clinical. en\ ironmental. Ibrensic. manufacturing, metallurgical, pharmaceutical chemistry 
and so on. I'he discipline of anal\tical chemistr\ consists of qualitative and quantitative 
analyses. The former deals with the identification of elements, ions, or compounds 
present in a .sample while the latter deals with the determination of how much of one or 
more constituents is present. The sample may be solid, liquid or gas. Qualitative tests 
ma> be performed by selecti\e chemical reactions or with the use of instrumentation. For 
quantitati\e anahsis. a history of the sample composition will often be known (it is 
known that blood contains glucose), or else the analyst will have performed a qualitative 
test prior to performing the more difficult quantitative analysis. Simple qualitative tests 
are usualK more rapid than quantitati\e procedures. 
Anahtical methods are often classillcd as being either classical or inslrumenlal. Fn 
classical methods, most analyses were carried out by separating the components of 
interest (the analytcs) in a sample by precipitation, extraction or distillation. For 
qualilati\e anah ses. the separated components were then treated with reagents that could 
be recognized b\ their boiling or melting points, their solubilities in a series of solvents, 
their odours, their optical activities, or their refractive indexes. For quantitative analysis, 
the amount of analyte was determined b> ;j;ra\'imelric or by lUrimelric measurements. In 
gravimetric measurements, the mass olthe analyte or some compound produced from the 
1 
anahlc was determined. In titrimetric procedures, the volume or mass of a standard 
reagent required to react completeh witii the anaiyte was measured. Measurements of 
physical properties ofanalytes such as conductivity, electrode potential, light absorption 
or emission, mass-to-charge ratio and lluorescence were began to be used for quantitative 
anal\sis of a \ariet\ of inorganic, organic and biochemical analytes. Furthermore, highly 
efficient chromatographic and electrophoretic techniques replaced distillation, extraction 
and precipitation for the separation of components of complex mixtures prior to their 
qualitati\e or quantitative determination. Ihese newer methods for separating and 
determining chemical species are known collectively as instrumental methods of 
analxsis. Instrumental techniques are generally more sensitive and selective than the 
classical techniques but are less precise, on the order of 1% or so. They are usually more 
rapid. ma\ be automated and may be capable of measuring more than one anaiyte at a 
time. (I'iuure I) 
Chemical Anah sis 
Classical Methods 
Gravimetric ^"olumetric 
Analysis AnaKsis 
Instriimeutal Methods 
Optical ^ 
>Iethods 
Separation 
Methods 
Electroanalvtical 
Methods 
Fig. 1: The Major categories of chemical analysis. 
Chromatography techniques arc panieularl> powcrlul for analyzing complex mixtures. 
rhe\ perform the separation and measurement step simultaneously. Constituents are 
separated as they are washed down (eluted) Irom a column of appropriate material that 
interacts with the analytes to var\ing degrees and the analytes are sensed with an 
appropriate detector as they emerge from the column, to give a transient peak signal, in 
proportion to the amount of analyte. fable 1.1 compares various analytical methods with 
respect to .sensiti\ ity. precision, selectivity, speed and cost. 
1.2 CHROMATOGRAPHY 
Chromatograph) is a method of separating a mixture into its various components. It 
makes use of heterogenous equilibrium established during the How of a solvent called the 
mobile phase through a fixed (stationary) phase to separate two or more components 
from material carried by the solvent. The stationary phase can be either solid or liquid 
supported on a solid. The mobile phase can be either liquid or gas. Thus, chromatography 
can be classified as: (a) liquid - solid (b) liquid - liquid (c) gas - solid and (d) gas -
liquid. 
Chromalograph) has been defined by Cas.siJy [1J as "a separation process applicable to 
essentially molecular mixtures which relies on distrihulion of the mixture between an 
essentially t^yo ilimensional or thin phase and one- or more hulk phases which are 
hroui^ht into contact in a differential countercurrent man. 
Ihe word "Chromatography" was first used by Russian botanist Michael Tswell (1906) 
to describe separation of plant pigments, which was effected by passing an extract of 
green leaves through a column packed with fine grains of calcium carbonate. Since the 
separation results into formation of a series of coloured zones, the name 
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"•( 'hronuiloi^rciphv". derived Irom Cireek words chromaliis and i^rapbein. meaning 
"colour" and "lo ^\rilc" was used by him. Alter the initial work of Tswett. a wide variety 
o\' independent techniques that ha\e little or nothing to do with colour have come to be 
called ehromatograph\. I'rom its infancy, chromatography has grown in significance and 
populari(\ to become a leading technique ofanalysis. 
Separation methods are an important part ofanalysis. and chromatography has developed 
into the premier analytical separation technique. Chromatography's rapid development 
can be attributed to its relati\e simplicity and the successful application of theory to 
practice. 1 urthermore. when equipped with sensitive detectors, chromatographs are 
capable of performing highly accurate quantitative analysis. 
Russian botanist Tswett (generally referred to as the Father of Chromatography). 
originall) presented in 1903 and published in 1906. described the separation of plant 
pigments b\ column liquid chromatography, j-urther information about Tswett and his 
work has been published by f^flrc (2|. The chronological development of separation 
techniques after Tswett"s disco\er\ of chromatography are presented in Table 1.2. 
High - Performance Chromatography began with the publication of Martin and James's 
article on gas chromatography in 1952 I3|. It is certainly true that their publication on the 
use of gas as a mobile phase in the separation of volatile fatty acids initiated the research 
that has resulted in the widespread use and popularity of chromatography. Table 1.3 
shows the classification of various chromatographic techniques. 
Table 1.2. Chronological De> 
Authors 
iswetl 
Koniu 
l/mailo\ and Schraihcr 
1 Marlin and Syngc 
Martin. Cdnsden and (jordon 
Craig 
: C'lacssDH 
1 
Ma> cr and I'onipkins 
Kirclinor. Miller and Keller 
.lames and Martin 
Porath and I'lodining 
Kirkland. llorvath and Hiter 
Kiespepr. Carwin and 
• 
Turner 
Moore 
Small. Ste\ens and I^avanian 
/.latkis and Kai.ser 
IVihak. Mincsovics and 
Kalas/ 
Jorgensen and L.ukas 
Manz 
Waters Corporation 
elopment of Chromatographic Separation Techniques 
Year of Origin 
1906 
1937 
1938 
1941 
1944 
1944 
1946 
1947 
1951 
1952 
1959 
1960 
1962 
1964 
1975 
1976 
1979 
1981 
1990 
2004 
Separation Technique 
Adsorption Chromatography 
Electrophoresis 
rhin-l.ayer Chromatography (Adsorption) 
Liquid-Liquid Partition Chromatography 
Paper Chromatography 
Counter Current Chromatography 
(las - Solid Chromatography 
Ion - I'xchangc Chromatography 
Thin-Layer Chromatography (Partition) 
(jas - Liquid Chromatography 
C3el-Filtration Chromatography or Size-
Exclusion Chromatography 
High-Performance Liquid (HPLC) 
Chromatography 
Supercritical Fluid Chromatography (SFC) 
Gel-Permeation Chromatography 
Ion - Chromatography 
High Performance Thin-Layer 
Chromatography 
Over-Pressurized Layer Chromatography 
Capillary Electrochromalography 
Open Tubular Liquid Chromatography 
Ultra Performance Liquid Chromatography 
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1.3 THIN LAYER CHROMATOGRAPHY 
I bin la\cr chromatograph> (TI.C) a subdi\ision ol'liquid chromatography is carried out 
on a tlal surface and hence it is sometimes referred to as planar chromatographic 
scparalion icchniijin;. In TLC. the mobile phase (a liquid) migrates through the stationary 
phase (thin la\er o\' porous sorbenl on a Hat inert surface) by capillary action. This 
technique is simple, \er.satile and inexpensive for separating and identifying the 
components olcomplex mixtures of inorganic, organic and biochemical substances. 
The beginning of ILC can be ascribed to the report of Dutch biologist. Beyerink [4] who 
separated h\drochloric and sulfuric acids in the form of tine rings on thin layer of gelatin 
using a \isuali/ing agent, following the same method. Wijsman [5] identified the 
presence of two enzymes in malt diastase using a fluorescent method for detecting 
separated enzymes on thin layer. He used the bacteria obtained from sea water as 
fluorescent agent. Howe\er. the invention of fLC is usually credited to two Russian 
Scientists: \'.A. Izmailov and M.S. Schraihcr. who used binder free horizontal thin layers 
(2 mm thick) of alumina spread on glass plate to the analysis of pharmaceutical 
preparations which led to the publication of their classical paper [6] on "A Spot 
Chroinat()}iraphic Method of Analysis and its Application in Pharmacy" in 1938. Since 
their method consists of depositing a drop of sample solution being investigated and the 
de\ elopment b\ the application of several drops of solvent on flat surface of adsorbent 
before observing the separated zones, it was called 'Drop Chromatography or Spot 
Chromatography". They also pointed out the usefulness of this method for preliminary 
testing of sorbent properties before their utilization in the form of column. Though 
Izmailov is best known for his fundamental work on TLC. his main field of interest was 
elcclUKhcmisln lor which he received ihc Menclclciv Prize of the Academy of Science 
o i rSSR in 1961. 
In 1939. Brown de\eloped a useful technique called "Circular Paper Chromatography" 
which in\ol\es the placing of filter paper between two glass plates and the application of 
sample and the developing solvent through a small hole of the upper plate. To obtain 
stronger adsorbent, he proposed the use of a thin layer of alumina between two sheets of 
paper. In 1940, Laf)p and /j-a/i used a loose la>er of alumina spread on a glass slide that 
was supported on an inclined aluminium sheet. This sheet was cooled at its upper end and 
healed at the lower end. The sample was placed at the top of the adsorbent layer and 
gradualiv de\ eloped by solvent descending movement. The use of heat at the lower end 
of the layer increased the e\ aporation rate of the solvent so that increased development 
could take place [7]. it is interesting that, in 1949 two American Chemists, Meinhard and 
Hall |81 ga\e the concept of "Surface Chromaio^^raphy" and described their work on the 
use of microscope slides coated with a mixture of alumina (an adsorbent) and celite (a 
binder) to separate I"e'" and Zn"' Their work was probably the first application of TLC 
lor (he separation of inorganic ions. Since 1958, when Stahl introduced the term "Thin 
Layer Chromatography" and standardized procedures, materials and nomenclature [9-
10], the effecti\eness of this technique for .separation was realised. 
A major breakthrough in the field of 1 LC came in the early 1960's with the availability 
of precoated plates [11]. It had recently been realised that modern high performance thin 
layer chromatography (HPTLC) initiated in 1975, rivals high pressure liquid 
chromatograph} (UPLC) and gas chromatography (GC) in its ability to resolve complex 
mixtures and to provide analyte quantification. The first C^ bonded plates were produced 
10 
h\ Whatman in 198()s. N\ircd\ in 1985 developed Prisma optimization method which 
could be appHed in IIPLC. o\er pressured Ia)er chromatography (OPLC) and so forth. In 
the mid 198()s two breakthroughs occurred: OPLC was proposed alongwith the first TLC 
gradient capabilities with automatic multiple developments (AMD). The first paper on 
the \idco e\aluation of ILC chromatograms appeared in 1991 by Prosek. In ultra thin 
liquid chromatograph) (IIILC). de\eloped around late 1990s and early 2000s. a 
monolith is grafted onto the glass plates. There is no binder and the thickness is 10 [am. 
which requires very small injection \olume. 
1 he demands in the future are for fast, reliable, economical and analytical methods. The 
trend in separation sciences is towards miniaturization and portable instruments. It can be 
expected that I LC will e\ol\e toward that direction. 
11.C is the most widely used chromatographic method because of the following reasons, 
(a) Being an off-line technique, various procedural steps can be carried out 
independentl). (b) Possibility of simultaneous analysis of large number of samples, (c) 
Wider choice of mobile and stationary phases (d) Disposable nature of TLC plates (e) 
Possibilit) of direct observation of colourful reactions on TLC Plates (0 Reasonable 
.sensitix it\ and resolution capability. Numerous publications on TLC applications attest to 
the versatility and applicabilit) of this technique in all branches of science. It has opened 
new fields of exploration and become an invaluable aid to separation scientists. 
ILC can be used for (a) Analysis (to identify the presence or absence of a particular 
substance in a mixture) (b) Quantitative analysis (to determine precisely and accurately, 
the amount of particular substances in a sample mixture) and (c) Preparative analysis (to 
purify and isolate a particular substance for subsequent use). All three cases require the 
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common piocodurcs of sample application, chromatographic separation and sample 
component visualization. However, analytical PLC differs from preparative TLC as the 
sample solution/or amount is applied on thinner layers in the former case, whereas thicker 
1 l.C plates are used for preparative 11.C. 
1.4 TLC PROCEDURE 
The TI.C process is an off-line process in which all the procedural steps, depicted in 
Figure 1.2 are carried out independently. The basic TLC procedure involves the spotting 
of sample mi.\ture (5-10 ^d,) at about 2 cm abo\e the lower edge of the TLC plate, drying 
the spot (usualh at room temperature). [)e\elopment of plate with suitable mobile phase 
to a distance of 8-10 cm inside a cylindrical or rectangular closed chamber by ascending 
technique. v\ithdrav\ing plate from the dc\eloping chamber, drying the layer at room 
temperature to remove the mobile phase, detection of spots on TLC plate using suitable 
detection reagent, measurement of R| values of the resolved spots and the quantitative 
estimation of the analyte after extraction from the layer with suitable extractant. The 
dilTerenlial migration of components results due to varying degrees of affinity of the 
components in a mixture for stationary and mobile phases. 
SAMPLE PREPARA TION 
Standard methods for sample preparation identification and separation of analyte present 
in a variety of samples such as plants, food, biological, geological and environmental 
samples ha\e been reported. In general, solutions of the surfactants are prepared by 
dissolving appropriate weights in methanol to give concentrations of 1% (Ig/lOOmI). 
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Sample [^reparation 
Relati\cl\ Pure Component Crude l-Atract 
Sample Purification 
Sample Application 
Spotting/Streaking 
OIK- or I no Dimensional 
Plate Development 
Kooni Icmp. or Klc»a(cd Ifmp 
Drying ol"Chromatogram 
\ isuMi Reagent Spray, t \' Scannin): 
Zone Detection 
Optical 
Component Removal 
Kvaiuation or Recording the Chromatogram 
Documentation and 
Reporting of Results 
Fig. 1.2: Scheme of topical thin layer chromatographic process. 
TLC PL A TES PRE PARA TION OR CO A TING PROCEDURES 
Ihc conlcmporary trend is of using commercially available precoated plates. The manual 
preparation ol" la\ ers in\ olves the coating of slurry of the adsorbent (silica gel. alumina 
and keiselguhr) on glass, aluminium or plastic sheet (20x20 or 20x10 cm) with the help 
of TLC applicator. The thickness oi" dried layer for analytical purposes is kept to 0.2-0.3 
mm. A binder (starch, gypsum, dextrin or polyvinyl alcohol) is usually added to the layer 
material to pro\ ide better adhesion mechanical stability and durability. 
SA MPLE A PPLICA TION 
.Sample application is one of the most important steps in the technology of TLC. 
Improperly applied .samples result in poor chromatograms. Sample can be applied as spot 
or streak using micropipette. micros>ringe. melting point capillaries etc. A number of 
automatic spotters of xarying design are available for sample application. The 
nanoapplicator (Nanomat) is an example of micrometer controlled syringes which has a 
dNnamic \olume range of 50-230 nL. Another applicator (Linomat) allows sample 
application in narrow bands. The application of sample as streak or band provides more 
efllcienl separations. The sample should be completely dried before placing the plate in 
the de\eloping chamber. Dilute solutions can be applied to the layer either with sorbent 
drying between successive applications or after bringing the sample solution. 
DEVELOPMENT MODES 
Ihe process of migration of mobile phase through the sorbent layer to effect separation of 
the sample substance is called development. Ascending development has been the most 
commoni) used mode of development in TLC. Other development modes such as 
multiple, stepwise, circular two-dimensional and reversed-phase partition development 
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ha\c also been used lo limited cxtenl. I'he distance for the migration of mobile phase has 
been kept to 10-12 em for eon\entional TI.C. While performing the development, one 
should take eare of the angle of the de\ciopmcnt and saturation of chamber apart from 
other factors, 
1.5 PRINCIPLES AND TECHNIQUES 
In I I.e. separation of components in a mixture is achie\ed by optimizing the 
experimental conditions, fhe desired separation can be achieved by proper selection of 
ad.sorbent (stationary pha.sc) and soh ent (mobile phase). 
NA TV RE OF PHASE INTERACTIONS 
Some of the important physical and chemical characteristics that determine the degree of 
interaction of mobile phase-solute, sorbent-solute and mobile phase- sorbent are given in 
the following paragraphs 
(a) Intramolecular Forces which hold neutral molecules together in the liquid or 
solid slate. These forces are physical, characterized by low equilibrium and results 
in good chromatographic separation. 
(h) Inductive Forces exist when a chemical bond has a permanent electrical field 
associated with it (e.g. C-Cl. C'-NO:) groups). Under influence of this field, the 
electrons of an adjacent atom, group or molecular are polarized so as to give an 
induced dipole moment. This is a major contributing factor in the total adsorptive 
energy of alumina. 
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(c) Hydrogen Bonding makes a strong contribution in adsorption energies 
between solute or solvents having a proton donor group and a nucleophilic polar 
surface such as that of alumina or silica gel. 
(d) Charge Transfers between components of the mobile phase and the sorbent 
can also take place to form a complex of the type S^  A (where S = solvent or 
solute, and A = Surface site o\' sorbent). [his phenomena is prominent in ion 
exchange chromatograph>. 
(e) Covalent Bonds can be formed between solute or the mobile phase and 
sorbent. fhese are strong forces and results in poor chromatographic separation. 
1.6 CHROMATOGRAPHIC SYSTEMS 
I'he optimum conditions for separation in ILC are yielded through mutual harmonization 
of stationar> and mobile phases. 
STATIONARY PHASE (ADSORBENT) 
A largo number of sorbents are available which can be used in TLC. In fact, no perfect 
adsorbent has been found, some have great retaining power whereas others hold the 
adsorbate loosel\. The adsorbing power of a substances varies greatly according to its 
particle size, method of preparation. acti\ation process etc. 
A good adsorbent should possess the following characteristics: 
1. The adsorbent must not chemically interact with the materials being investigated. 
2. The colour of the adsorbent should be such that it does not interfere with the 
chromatogram, preferably it should be colourless. 
3. 1 he adsorbent should be insoluble in the solvent to be used. 
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4. Il should be non-catal>tic i.e. should not catalyze the decomposition of the 
substances. 
-•^ . I he phvsical and chemical properties of adsorbent should not change under the 
ovpen'mental conditions. 
Some commoni) used sorbents are silica gel. alumina, cellulose and kieselguhr 
(diatomaceous earth). 
Silica gel is the most frequently used layer material. It is slightly acidic in nature. At the 
surface of silica gel the free valencies of the oxygen are connected either with hydrogen 
of silanol (Si-Oli) groups (l-ig.1.3) or with another silicon atom of siloxane (Si-O-Si) 
groups, fhe silanol groups represent adsorptive active surface centers that are capable to 
interact with solute molecules. The ability of the silanol groups to react chemically with 
appropriate reagents is used for controlled surface modifications. Hence, silica gel is 
considered as the most favoured layer material in chromatography. 
Alumina (aluminium oxide. ANO;,) is also widely used as a sorbent. It is more reactive 
than silica gel. but for a given layer thickness it will not separate quantities of material as 
large as can be separated on silica layer. Adsorption is the separation mechanism in both 
silica gel and alumina. Thesurface -active centers of alumina are hydroxyl groups and 
oxide ions. In aqueous suspensions, alumina surface is capable to bind with metal ions. 
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Fig. 1.3: Structure of silica gel. 
anions or metal complexes. Chromatographic properties of alumina are influenced by the 
adjustment ofpH value. Three ranges of pll values have proved suitable for alumina i.e. 
pll \alues of 9-10 (basic alumina). p\\ values 7-8 (neutral alumina) and pH values 4-4.5 
(acidic alumina). 
Cellulose can be added as a sorbent in TLC when it is convenient to perform a given 
paper chromatographic separation by TLX" in order to decrease the time required for the 
.separation or to achieve increased detection sensitivity. In general, two types of cellulose 
such as (i) native cellulose and (ii) microcrystalline cellulose are in use. Native cellulose 
is llbrous and has a degree of polymerization of 400-500 glucose units whereas 
microcrystalline cellulose consists of appro.ximately 40-200 glucose units. Cellulose is 
mainly used in partition TLC for the separation of relatively polar compounds. 
Kieselguhr is chemically neutral sorbent which consists of Si02 (90%) and about 10% of 
AbO;,. FeiO;,. MgO. NaiO. K2O. CaO and TiOi in different proportions. Kieselguhr has 
\ er\ low surface activity and hence used mostly to separate herbicides and aflatoxins in a 
partition chromatographic mode. 
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Vhc \arious t>pcs of sorbent layers presently in use may broadly be clubbed together as 
follows; 
a) Non-surface Modified Layers or Untreated Sorbents 
1 he sorbent phases used in the non-modi lied form include silica gel G. silica gel H. 
silica gel LS. acidic and neutral alumina, cellulose, polyacrylonitrile etc. 
I)) Impregnated or Treated Sorbents 
\o broaden the range of selectivity of layer materials mentioned above in (a), several 
workers attempted to used these materials after impregnation to a definite degree with 
buffers, metal ions, chelating agents, surfactants or high molecular weight organic 
liquids. 
c) Chemically Modified or Bonded Sorbents 
Ihe impregnated layers as mentioned in (b) suffer from the limitations such as (i) the 
impregnants are eluted to some extent by the mobile phases used and (ii) the stripping 
of liquid stationary phase from the support by incompatible mobile phases, 
lo overcome these problems, chemically bonded layer materials of similar properties 
were developed for safer use as stationary phase. Some of the examples are: 
lipophillic Cix-bonded silica gel pha.se.s. aminopropyl silica gel (NH2). octadecyl 
silica gel (Cix) and surface modified cellulose like ECTEOLA (a reaction product of 
epichlorohydrin triethanolamine and alkali cellulose). 
d) Inorganic Ion - Exchangers 
.Apart from silica and alumina, other inorganic ion-exchangers have also found use in 
TI.C". Besides many others, the use of stannic silicate, zirconium phosphoantimonate. 
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/iiic IcrrocNanidc. stannic sultbsalic>lalc. binder free zirconium (iv) antimonate and 
IndroLis antimony (V) oxide as layer materials has also been reported. 
e) Mixed Sorbents 
Mixed lasers (impregnated and non-impregnated) have been used by several workers 
lor achie\ing enhanced resolution o\' components. Mixed layers are usually of 
medium aclix it\ as compared to the separated phases, fhe addition of kieselguhr in 
silica generall) reduces the activity of silica, resulting in a new sorbent layer with 
altered activit) that is capable of pro\iding peculiar separations, not possible on 
separated phases. 
J) Miscellaneous Sorhents 
1 he layer materials that are less familiar or introduced recently in TLC have been put 
under this category. These materials include silufol. silufol UV 254. silufol with a 
layer of silica gel. soil, soil-tlyash. soil treated with neutral, alkaline and saline 
solutions, soil mixed with silica gel and kieselguhr etc. 
g) Soil 
Since, in this thesis soil has been used as stationary phase for studying mobility 
pattern of amino acids, a brief description of soil is undertaken here. The term soil is 
derived from the Latin word 'Solum' which means floor. For a layman or an urban 
bred, soil is the dirt or debris on the surface of the earth or an inert uniform brown 
coloured material in which plants find their foothold. To an agriculturist soil is a 
natural medium for plant growth. According to Jenny (1941). soil is a naturally 
occurring body that has been evolved owing to combined influence of climate and 
organisms, acting on parent material, as conditioned by relief over a period of time. 
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.According to the Cilossan of soil science terms (.SV;/7 Science Socicly of America. 1970) 
""soil is 
i) Die unconsolidated mineral material on the immediate surface of the earth 
that ser\es as a natui"al medium for the growth of land plants. 
ii) 1 he unconsolidated mineral matter on the surface of the earth that has been 
subjected to and inlluenced b)' genetic and environmental factors of parent 
material, climate (including moisture and temperature effects), macro - and 
micro - organism and topography, all acting over a period of time and 
reducing a product, that is soil, that differs from the material from which it is 
deri\ed in many physical, chemical, biological and morphological properties 
and characteristics. 
I'he soil is the key component of terrestrial ecosystem and is essential for the growth of 
plants as well as for recycling of dead biomass. It is a complex heterogeneous medium 
consisting of minerals, organic solids and aqueous as well as gaseous components. The 
minerals present arc usually rock fragments and .secondary minerals (phyllosilicates or 
cla> minerals), oxides of Fe. Al. and Mn and sometimes carbonates (usually CaCO.i). The 
term "oxides" includes all forms ofoxides including hydrous oxides and oxyhydroxides. 
Ihe organic matter comprises living organisms (mesofauna and micro organisms), dead 
plant material (litter) and colloidal humus formed by the action of microorganisms on 
plant litter. 
rhe soil is a dynamic system, subject to short - time fluctuations, such as variations in 
moisture status. pU and redox conditions and also undergoing gradual alterations in 
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response lo changes in managemenl and environmental faclors. Tiiese changes in soil 
properties alTect the form and bioaxaiiahility of metals. 
Composition of Soil 
The four major components of soils are air. v\ater. mineral matter and organic matter. The 
relali\e proportions of these four components greatly intluence the behaviour and 
productix it} of soils. In a soil, the 4 components are mixed in complex patterns; however, 
the proportion of soil volume occupied by each component can be represented as shown 
below. 
Sand 
Inorganic (~ 45 %) Silt 
Solids (50%) Clay 
Organic (-25%) Humus 
Liquid (25 %) 
Gaseous (25 %) 
Fig. 1.4: Approximate composition of surface soil. 
I'igure 1.4 shows the approximate proportions (by volume) of the components found in a 
surface soil in good condition for plant growth. Only about half the soil volume consists 
of solid material (mineral and organic); the other half consists of pore spaces filled with 
air or water. 
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The proportion oi' abo\e menlioncd components may \ary from time to time and from 
place lo place. The inorganic (mineral) material is relatively permanent, but the organic 
material ma\ vary depending upon the location of the collection of the soil sample. The 
\olume of water and air in soils lluctuate on the basis of particle size, porosity, humidity, 
temperature of the soil en\ ironment etc. 
Physico-chemical Properties of Soil 
1 he knowledge of physico-chemical properties of soil is important in understanding soil 
beha\iour. Soil scientists use texture, soil pH, electrical conductivity, colour, cation 
exchange capacity and other physico-chemical properties of soil horizons in classifying 
soil profiles and in making determinations about soil suitability for agricultural and 
en\ ironmental projects. 
SOIL TLC 
In 1 %8. 1 Idling and Turner coupled favourable features of TLC and soil and developed a 
new technique known as soil ILC and successfully utilized for the monitoring of 
pesticides mo\ement using different types of .soil as static phase. Many other workers had 
also utilized soil I'LC for the investigation of the mobility of pesticides, trace elements. 
heavA metal cations and amino acids. 
The nio\ ement of substances or their separations in TLC can be effected by altering the 
conditions of the static phase (soil) of diverse nature, developer and applied substances. 
fhus. soil provides a very fascinating field of research which can be utilized for 
in\cstigating problems in various applied and non -applied fields. 
Ihin layer of soil are prepared by spreading a uniform film (0.15 mm - 2.0 mm) of soil 
slurr\ over glass plates with the help of an applicator and allowing it to dry at room 
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tempcrauirc (3()"C"). The anal>tc under in\osligalion is spotted above 2 cm from the 
bottom of the plate so that the mobile phase ie\el in the closed jar may always remain 
about 1 em below the spots. The plates were covered by the filter paper up to 1.5 cm 
soaked in the mobile phase so as to a\oid the disintegration of soil as soon as it comes in 
contact with the mobile phase. Plates were developed to a distance of 10 cm starting from 
the point of spotted compound. After the development, the plates are removed from jar, 
dried and the compounds or ions are detected by spraying suitable chromogenic reagent 
as detectors. 
MOBILE PHASE (SOL VENT SYSTEM) 
In liquid chromatography including ri.C. the mobile phase exerts a decisive influence on 
the separation. Various optimization schemes (Windows diagram, overlapping resolution 
maps, simplex method and PRISMA model) have been proposed for normal - phase and 
re\ersed-phase 11.C. Mobile phase should be as simple as possible and be prepared from 
the purest grade of the solvent available. Mixtures composed of more than three or four 
components should be avoided because of problems associated with reproducible 
preparation. Care must be taken to mix the constituents thoroughly before use. With a 
particular sorbent layer, the separation possibility of a complex mixture is greatly 
improved b\ the proper selection of mobile phase. The mixture of organic solvents 
containing some aqueous acid, base or a buffer are. in general, well suited for the 
separation of ionic species whereas anhydrous organic solvents and water containing 
mobile phases are more useful for .separating non-ionic species. The following mobile 
phases have been used as developers. 
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a) Organic solvents. Alcohols, amines, ketones, phenols and haloalkanes as 
single eomponent or binar\/leinar\ mixUires have been used as mobile phase. 
h) Inorganic solvents. Being non-toxic and non-volatile, solvent systems of this 
group ha\e been widely used in TLC. This group includes the solution of mineral 
acids, alkalis and inorganic salts prepared in double distilled water or vvater-
melhanol mixture. 
c) Mixed aqueous-organic solvents. Mixtures of two or more different 
soKents. most of which ha\e either a base (NaOH. NH4OH and amine) or an acid 
(mineral or carboxylic) as a component, are used to developed the TIX' plate. 
(I) Surfactant - mediated solvents. The traditional mobile phase systems as 
mentioned above (a-c) have been widely used in TLC analysis of organic as well 
as inorganic substances. Mowcver. the u.se of surfactant-mediated mobile phase 
systems in TLC is of recent origin. These sy.stems. though, have found extensive 
u.sc in IIPTI.C. their u.se in \\.(S has been limited. 
Since work presented in this thesis includes the use of surfactants mediated mobile phase 
s\ stems, it is worthwhile to give a brief idea about their behaviour in aqueous medium. 
1 he following paragraphs are dexoted to highlight their utility as eluent. 
I hese s\stem contain surfactant as one of the components of the mobile phase. Surfactant 
in the aqueous mobile phase can be used in the following ways: 
(a) As monomer surfactants where the concentration of surfactant in aqueous mobile 
phase is restricted to well below the critical micelle concentration (CMC) of the 
surfactant. These mobile phases are most suited to separate ionic species by ion-
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pair chromatography (IPC). 
MONOMERS 
SURFACTANT 
CRYSTAL 
????? 
????? 
bUU 
MICELLE CyLINDftlCAL 
MICELLE 
( RANDOMLY ORIENTED 
)0-.15 A 
HEXAGONAL 
_ PACKING OF CyLINOEftS 
10-35 A WATER 
TTmrmm 
WrWMU 
LAMELLAR MICELLE 
MICHOEWULSION 
HEXAGONAL PACKING OF 
WATER CYLINDER 
Fi .^ 1.5: A Schematic illustration for the formation of various structures in 
surfactant solutions upon increasing the concentration of surfactant. 
b) As surlaclanl micelles where the surfactant concentration is kept well above its 
CMC" value, hi such cases, the mobile phase is composed of surfactant molecules 
in the form of monomers and aggregates (or micelles). These mobile phases are 
very useful for simultaneous .separation of ionic and non-ionic compounds by 
micellar liquid chromtUography (Ml.C). 
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(c) As microcmulsion where siirraelant in the presence of water, as oil (hydrocarbon) 
and co-surfaclanl (i.e. medium chain length amine or alcohol) is used transparent 
solution. (I'ig. 1.5) 
1.7 VISUALIZATION 
I'hvsical. chemical, en/ymatic or biological detection methods are commonly used in 
11.C. A book by Jork el al. | I 2 | is an excellent .source of general information about 
ph\ sical and chemical methods of detection. Physical methods ot" detection involve the 
use of spectroscopy (autoradiography). X-ray lluorescence and UV radiation etc. Among 
pli\ sical methods, visualization under UV-light is most common. The chemical detection 
methods in\ol\e the spra\ing o\~ plates with a suitable reagent, which forms colored 
compounds with the separated species. Allernativel), the reagent can also be taken in the 
mobile phase or in the adsorbent. In some cases, the detection is completed by inspecting 
the i I.C plate after spraying with a suitable detection reagent under UV-light. Both 
selecti\c and non-.selective reagents ma> be used depending upon the requirement. 
Ilowexer. reagents giving sufficiently sensitive colour reactions with several species are 
generall> preferred. Ihe biological detection methods (bio-autography) are useful for 
specillc detection of compounds with a certain physiological activity. An example is the 
detection of antibiotics on TLC" plates using triphenyl-tetrazolium chloride and a 
miero{>rganism that is sensitive to the antibiotic to be detected. Similarly, to detect 
antifungal compounds by TI.C. inhibition of fungal growth was a.s.sessed by the detection 
of dehydrogenase activity with Ihia/olyl blue. In addition to these techniques, enzyme 
inhibition, immunoslaining and flame ionization detection methods have also been used. 
Surfactants have been detected with IT vapours and Dragendorff reagent. 
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1.8 QUALITATIVE ANALYSIS 
(a) Identification 
In IIX" ihc idcnlilkation of separated compoLiiids is primarily based on their mobility in 
a suitable solvent, uiiieli is deseribed by the R| value ofeaeh compound, where 
Distance ol" solute motion from the origin 
Ri 
Distance of solvent motion from the origin 
Ri \alue ranges from 0.0 lor a /one not leaving the point of application to 0.999 (- 1.0) 
for /one migration with .sohcnt front. The factors which intluence the magnitude of R) 
are nature t)f sorbent and mobile phases, layer thickness, activation temperature, sample 
\t)lume. chamber saturation, relative humidit\ and mode of development technique. 
Another term RM which is the logarithmic function of the Ri value |i.e. RM = log (1/R| -
I )| is more useful as it bears a linear relationship to some TI.C parameters or structural 
element of the anahte. 
Separation factor (a) and resolution (Rs) are two important parameters to be considered 
to understand the separation. Separation factor (a) is calculated using following 
equations: 
<^  .^' - A, = "Yl\) - " "F(2r ^' '^^  ''"'' ^' ^^^ '""'' '^''' '^ ' ''''"'' 
of spot 1 and 2. 
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Fig. 1.6: Chromatographic Plate 
/. AR, 111 I I.C". ivsolulion (Rs) is determined as/^, = 0.5 (J, + J,) • I is the migration lengtii of 
the mobile piiase from the point of sample application: AR| is the dilTerence in the R| 
\aliies of two spots, determined as AR| = R| (spot2)- R| (spoti); d| and d^  are the 
diameters ofthe two spots (as shown in l-igure 1.4) where resolution is to be determined. 
(b) Separation 
When twt) or more analytes have dilTcrenlial migration with the same chromatographic 
s_\stem. the> are mixed thoroughl>: the mixture is spotted on the I'LC plate and 
chromatographed. The separated components of mixture arc detected and their R| values 
are recorded. Some ofthe basic requirements for a good separation are 
(i) l!ach spot should be compact (R| - R| < 0.3). 
(ii) 1 he di fference in R\ values of two adjacent spots should be at least 0.1. 
(iii) No complexation should occur between/among separable species. 
(iv) Chromatography of individuals and the mixture should be performed under 
identical experimental conditions. 
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1.9 QUANTITATIVE ANALYSIS 
Ihc three main approaches related to quantitation 1 LC include visual estimation and 
spot-si/.e measurement, /one elution and in-situ densitometry. 
VISUAL ESTIMA TION AND SPOT-SIZE MEASUREMENTS 
This is the simplest method of semiquantitative analysis. TLC plates with a definite 
sample aliquot alongside standards containing known weights of analyte are 
simultaneousl\ developed. After detection, the weight of analyte in the sample is 
estimated b> \ isual comparison ol" the si/e and intensity of the standards and sample 
A)nes. 1 he \ isual comparison works well if the applied amounts of sample are kept close 
to the detection limit and the .sample is aecuratel\ bracketed with standards. The accurac\ 
and reproducibility of this method lalls in the range of 10-30%. 
ZONE ELUTION 
In this case, quantitation is performed after scraping off the separated analyte zone, 
collection ol" the sorbent and recover\ of the substance by elution from the sorbent. 
I hereafter, the eluates are analyzed by applying any current method of microanalysis, 
such as electroanalytical. (ias Chromatography ((JC). spectrophotometry, titrimetry etc. 
IN-SITU METHOD 
In-siiii densitometry is a preferred technique for quantitative ILC involving the 
measurement oi'visible or ultraviolet absorbance, fluorescence or nuorescence quenching 
directly on the layer. The measurements arc made either by transmission through the 
plates by reflection from the plate, or by reflection and transmission simultaneously using 
either single beam, double - beam or single beam dual wavelength operation of scanning 
instruments. Modern optical densitometric scanners are linked to computer and are 
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capable I'or aulDmalcd peak localion. nuiltiple wavelength scanning and speclral 
conipaiisoii of fractions in several operating modes (rellectance, absorption, transmission. 
Iluorescence etc.). 
1.10 ADVANTAGES OF TLC 
TIX' is the most versatile and llexible chromatographic method. It is rapid because pre-
coated layers are available for use as reeei\ed, without preparation. It has highest sample 
throughout, hecau.se up to ."lO individual samples and standards can be applied to a single 
plate and separated at the .same time. The automated sample applications and dexelopers 
allow high accuracy and precision in quanlirication. '('here is a wide choice ol' layers, 
de\elopers and detection methods. The wide choice of detection reagents leads to 
unsurpassed specificit}. Less pure samples can be successllilly analyzed, as the layers are 
normall\ not reu.sed. Being an "olT line" method, different steps of the procedure are 
carried i)ut independenth. 
1.11 COMPARISON OF TLC, HPLC AND HPTLC 
According lo recent literature | \?>\. 11.C has distinct ad\antages o\er IIIM.C. e.g. greater 
detection possibilities, more rapid throughput, u.se of disposable plates, easier sample 
preparation, low .solvent consumption and lower operational cost, fhe poorer separation 
efficiency and the inlluence of environmental conditions on the reproducibility of K| 
value have, however, been major disadvantages of fl.C compared with IFI'LC and CiC. 
I he above - mentioned advantages of UPTLC/TLC have made it the premier method for 
assessing atmospheric, aquatic and residual pollution, it has been succes.sfully applied for 
the analysis of wastewater for total heavy metal contents fl4|. eharacteri/ation of 
hazardous wastes |15|. identidcalion of metals in sludge .sample | I 6 | and quantillcalion 
of loxic mclals in industrial sewage |17|. Compared to eonventional \\.i\ IIF'l'I.C 
provides Taster separations, redueed /one dilTusion. better separation efficiency and 
liiulier sensitivity. However. llPflX' is not in common use because of high capital 
investment, procedural difficulties and instrumental complications. A comparison of I'LC 
and I IP'I i.C characteristics is summarized in fable 1.4. 
Table 1.4. C'ompari.sons of TLC and HPTLC 
Parameter 
Plate si/e 
Average particle si/e 
Adsorbent layer thickness 
Plate height 
Sample volume 
S()l\ent migration distance 
Separation time 
Samples per plate 
Adsi>rption 
1 luorescence 
Diameter of separated spots 
TLC 
20 cm X 20 cm 
20 |.un 
100-250 I.U11 
30 |.im 
l O H l . 
10-1.5 cm 
30-200 min 
10 
1 -5 ng 
0.05-0.1 ng 
6-15 mm 
HPTLC 
10 cm X 20 em 
10 cm X 10 cm 
5 }.mi 
200 |.un 
12 },im 
0.1 - 0 . 2 ^ L 
3-6 cm 
3-20 min 
18 or 36 
0.1-0.5 ng 
0.005-0.01 ng 
2-6 mm 
IIPTIX' provides faslcr scparalion. rcdiicecl zone diffusion, heller sepanilion efficieney 
and liii^/wr sensilivily. 
1.12 COMBINATION OF TLC WITH OTHER 
ANALYTICAL TECHNIQUES 
Ihc oaicfiil comhinalion ol "I'LC with other analytical techniques is more iisefiil to collect 
inlbrmalion regarding the analysis of a complex sample. Spectrophotometry, lligh-
Pelbrmanee Liquid Chromatography (lilM.C) and Gas Chromatography (GC) in 
conjugation v\ith Tl.C are the three most widely used techniques. However, mass/GC. 
infrared and thermal analytical techniques in combination with TLC has also been used. 
One o{' the newest techniques u.sed in combination with TLC is photoaccuouslie 
spectrometry, which is capable to locate compounds in-silii on the plate. TLC has been 
ct)mbined with High Temperature Gas Chromatography (IITGC) | I8J. High Performance 
Liquid Chromatographx (HPLC) |19 | and Supercritical lluid Chromatography (Sl'C) 
(2()| for the anaKsis of surfactants. Is.sac and Barr [211 combined TLC with flameless 
atomic absorption spectrometry (I'AAS) to identily an inorganic compound in an impure 
organometallic complex and to determine the recovery and purity of organometallic 
samples. A re\ievs by Wilson |22 | described the methods to combine ILC with fast atom 
bombardment (LAHj-Mass spectrometer (MS) and al.so liquid .secondary ion (LSI) and 
matrix assisted laser dcsorption ionization time-of-llight (MALDI-TOl") or elcctrospray 
ioni/ation(l!SI). 
The examples cited above reveal, how the .separation methods of TLC complemcnit the 
analytical methods necessary for the absolute idenlillcation of a substance. TLC provides 
an excellent purification method for separating a substance of interest from other 
contaminants in the .sample. Analytical techniques can then be applied to identify the 
separated substances. 
-> - ) 
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1.13 AMPHIPATHIC SUBSTANCES 
Ihc work presented in this thesis is related to the study ol~ amphipalhic substances. 
i heielbre, Ibllowing section gives a brier discussion about them and some of their 
representative group (surfactants, amino acids and dyes) oi~compounds. Those substances 
owing to the presence oC both non-polar (hydrophobic) and polar (hydrophilic) groups, 
these substances referred to as amphipathic (tensioactive. hetcropolar or polar-nonpolar) 
substances. I'his I'orms the basis for a number of areas of research in chemistry and 
biochemistry. 
STRUCTURE AND PROPERTIES 
Molecules of amphipathic compounds have hydrophobic (usually of hydrocarbon nature) 
and h>drophilic (represented by either ionic or uncharged polar functional groups) 
structural regions. The h\drophobie group is t\pically a large hydrocarbon moiet\. such 
as a long chain of the form CM;, (CI b),,. with n>4. fhe hydrophilic group iails into one of 
the following categories: 
{.CHARGED GROUPS 
(•A) Anionic 
I xamples. with the hydrophobic part of the molecule represented by R. arc: 
Carbo.xylales: RCO{ ; Sulphates : R.SOi'; Sulphites: RSO," :Phosphatcs : The charged 
functionality in phospholipids. 
(h) C'ationic 
j-.xampies: Amines RNII;,' 
2. POLAR UNCHARGED GROUPS 
Examples are alcohols with large R groups, such as diacyl glycerol (DAG) and 
oligoethyleneglycols with long alkyl chains. 
As a result of having both hydrophobic and hydrophilic structural regions, some 
amphipathic compounds may dissolve in water and to some extent in non-polar organic 
solvcDts. These substances have one polar and other non-polar end each and of these 
substances to display its own solubility behavior. 
EXAMPLE OF AMPHIPATHIC SUBSTANCES 
Chemical compounds such as surfactants (detergents and soaps) and dyes are 
amphipathic compounds. Many biological compounds are amphipathic: phospholips, 
cholesterol, glycolipids, some amino acids, fatty acids, bile acids, saponins etc. 
1.14 SURFACTANT 
As regards to the study of surfactants, two main aspects of surfactants have been 
examined i.e. as an eluent in TLC analysis of amino acids and dyes and secondly 
as an analyte and interesting TLC systems have been identified for their 
qualitative as well as quantitative analysis. It is therefore, worthwhile to summarize 
certain aspects of surfactants. 
The term, surfactant, was originally registered as a trademark for selected surface active 
products and later it was released to the public domain [23] Soaps (salt of fatty acids 
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conlainiiiu at Icasl eight carbon atoms) and detergents arc surfactants whose solutions 
have cleansing properties. Surfactants are amphipathic molecules that consist of a non-
polar hydrophobic portion, usually a straight or branched hydrocarbon or tluorocarbon 
chain containing 8-18 carbon atoms, which is attached to a polar or ionic portion 
(hydrophilic). 1 he hydrophilic portion can be non-ionic, ionic or zwitterionic. The 
Indrocarbon chain interacts weakly with the water molecules in an aqueous environment, 
whereas the polar or ionic head group interacts strongly with water molecules that 
renders the surfactant soluble in water. llowc\er. the cooperative action of dispersion and 
h\drogen bonding between the water molecules tend to squeeze the hydrocarbon chain 
ou[ of the water and hence these chains arc referred to as hydrophobic. Surfactants may 
be of natural or sxnthctic origin. Surfactants iVom natural origin (vegetable or animal) arc 
known as oleo-chemicals and are deri\ed from sources such as palm oil or tallow. 
Surfactants from synthetic origin are known as petrochemicals and are deri\ed from 
petroleum. Critical micelle concentration (CMC") is the concentration of surfactants 
abcne which micelles are spontaneouslx formed (Table 1.5). fhe process tif micelle 
formation is called micellizalion. Micelles do not exist at all concentration and 
lemperature. Upon inlroduclion of .surfaclanls into the .system the} will initially partition 
into the interface, reducing the system free energy b) (a) lowering the energy of the 
interface (calculated as area .\ surface tension) and (b) by remoxing the hydrophobic parts 
of the surfactant from contacts w ith water. Subsequently, when the surface coverage by 
the surfactants increases and the surface free energy (surlace tension) ha.s decrea.sed. the 
surfactants start aggregating into micelles, thus again decreasing the system free energx 
b> decreasing the contact area of hydrophobic parts of the surfactant with water. 
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Dcpondinu upon the naUire of tlic hydrophilic groups, surlaclants are elassiHed as 
anionie. ealionic. /willerionic and non-ioiiie surfaelants. 
ii) Anionic Surfactants 
These surfaelants bear a negatixe eharge in the surfaee aetive portion |F^-X'M |. Alkah 
alkanoates or soaps, alkyl sullates. aryl sulfonates and sullbnates ofalkyl sueeinates are 
important elasses ol" anionie surfactants. The most important anionie groups are 
earho.\>late (-CO/), sulfate (-SO/) and sulfonate (-SO/). The anionie surfactants have 
the ad\antage of being high and .stable foaming agent.s; however they do have the 
di.sad\antage of being sensitive to minerals and the presence of minerals in water (water 
hardness) or pi I changes. 
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b) Cationic Surfactants 
I he siiirace active portion bears a positive charge fll-N^ (CH;,).? X |. These 
surractanls are based upon quaternary nitrogen. Alkylamnionium halides and 
tetra-alk\ hunmonium halides are the most numerous in this class. 
These surfactants reduce surface tension and are used as wetting agents in acid 
media. However, a disadvantage of cationic surfactant is that they have no 
detergent action when formulated into an alkaline solution. 
c) Zwitterionic Surfactants 
These surfactants contain both cationic and anionic group in a single amphiphilic 
molecule 1R-(CH;,): NC'li^X |. Betaines are very important class of zwitterionic 
surfactants. These surfactants ma> be adsorbed onto the negatively or positively 
charged surfaces without forming hydrophobic film. The main characteristic 
I'eature of/wilterionic surfactants is their dependence on the pH of the solution 
in which they are dissolved. 
(I) Nonionic Surfactants 
These surfactants have hydrophobic/hydrophilic balance and hence there is 
neither a negative nor a positive charge on either pari of the surfactant molecule 
|R (OC'lh C'lh)|,„ OH. Alkyl ethylene oxide surfactant also called alcohol 
etht).\ylatcs come in this class. These surfactants have the advantage of not being 
affected by water hardness or pi I changes. They arc considered as medium to low 
foaming agents. 
R -> long aliphatic hydrocarbon chain M ' -> metal ion 
X -> halogen or COO or SO^" m -> integer 
39 
1.15 AMINO ACIDS 
Proteins arc Ihe mosl abundant and Hinftionally diverse molecules in living systems. 
Virtually every life process depends on this class of molecules. Proteins display an 
incredihie diversit) of functions, yet all share the common structural feature of being 
linear polymers of amino acids. Although more than 300 different amino acids have been 
described in nature, only 20 are commonly found as con,slituents of proteins, l^ ach amino 
acid (except for proline) has a carboxyl group, an amino group, and a distinctive side 
chain ("R-group"") bonded to the a-carbon atom. At physiologic pi I (approximately pll == 
7.4) (he carboxyl group is dissociated, forming the negatively charged carboxylate ion (-
COO"), and the amino group is protonated (-Nil;,'). In proteins, almost all of these 
carboxyl and amino groups are combined in peptide linkage and are not a\'ailable for 
chemical reaction (except for hydrogen bond formation. Thus, it is the nature of the side 
chains that ultimately dictates the role an amino acid plays in a protein. It is therefore 
useful to classify the amino acids according to the properties of their side chains - that is. 
whether the\ are nonpolar or polar (uncharged, acidic or basic) (Table 1.6). 
a) Amino Acids with Nonpolar Side Chains 
l-ach of these amino acids has a nonpolar side chain that does not bind or give off 
protons, or participate in hydrogen or ionic bonds. The side chains of these amino acids 
can be thought of as "oily" or lipid-likc. a property that promotes hydrophobic 
inlcraclions. Iherefore. the parts of proteins made up of these amino acids will be 
hydrophobic in nature. \:\. Alanine, valine, isoleucine. leucine, methionine, proline, 
phenylalanine and tryptophan. 
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h) Amino Acids with Uncharged or Non-Ionic Polar Side Chains 
Those amino acids have /ero net charge at neutral pll. although the side chains ol" 
cysteine and tyrosine can lose a proton at alkaline pll. Serine, threonine, and tyrosine 
each contain a polar hydroxyl group that can participate in hydrogen bond formation. The 
side chains of asparagine and glutamine each contain a carbonyl group and an amide 
group, both ol" which can also participate in hydrogen bonds. Thus, these amino acids are 
h\drophilic in nature. 
c) Amino Acids with Acidic Side Chains 
The amini) acids asparlic and glutamic acid are proton donors. At neutral pll the side 
chains ol"these amino acids are (iiiiy ioni/ed containing a negatively charged carboxylate 
group (-COO). They are therefore called aspartate of glulamate to cmphasi/e that these 
amino acids are negatively charged al physiologic pll. 
d) Amino Acids with Basic Side Chains 
1 he side chains of the basic amino acids accept protons. Al physiologic pll the side 
chains of lysine and arginine are fully ioni/.ed and positively charged. In contrast, 
hislidine is weakly basic and the free amino acid is largely uncharged al physiologic pll. 
lhn\ever. when hislidine is incorporated into a protein, its side chain can be either 
posilivcK charged or neutral, depending on the ionic environment pro\idcd by the 
polypeptide chains of the protein. 
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M6DYES 
l)\es arc substances capable of colouring fabrics in such a manner that the colour cannot 
be removed by rubbing or washing. In ancient lime, people used natural dyes, obtained 
iVom animal and vegetable sources to dye their clothes. I'or e.g. furkey red or alizarin 
from the roots of madder plant, indigo (a blue dye) from the leaves of indigoid plant, and 
a yellow dye saffron from the dried llowers of the colour thistle, fhe (Irst synthetic dye 
commonly known as "Mauve" was prepared b\ IV. ff. Perkin in 1956. 
Classification of Dyes 
Dyes can be classified on the basis of (a) mode of application and (b) chemical 
constitution. Classification of dyes based on chemical constitution is listed in fable 1.7. 
Dyes are used as colouring source of a large number of materials such as textiles, paper, 
food-stuffs, polymers, cosmetics, drugs, printing inks, lacquers, oils, paints and soaps. 
Apart from their obvious use as colouring agents, dyes are often used to determine 
surface area and cation exchange capacity of oxides and clays [24-26]. Other organic 
molecules have also been used for these purposes |27|, but the ease of determining dye 
concentralions \ ia spectrophotometry makes their use more common. 
The worldwide high level production and extensive use of dyes generates coloured 
wastewaters which cause environmental pollution. They decrea.se the life period of 
aquatic biota by disturbing metabolic activity |28|. reduces the penetration of sunlight 
which effects the photo.synthetic activity of aquatic plants |29|. If they enter soil, they 
even reduce the germination of seeds and growth of crop plants (."^ Ol. I-urther, the cation 
exchange capacity (C'lX') of soil has been found to decrease linearly with the amount of 
safranin and loludine blue in the clay |.ll |. 
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1.17 LITERATURE 
The work published on I'LC of surraetanls. amino acids and dyes during the last 
I'lfleen years has been presented brielly in Tables 1.8-1.10. 
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Studies on Adsorption (Befiaviour of 
Amino Acids througfi Soif Static 
(PHase 6y TMn Layer 
Cfiromatograpfiy 
2.1 INTRODUCTION 
Several attractive features such as wider ciioice of mobile and stationary phases, 
ilcxibility in sample detection, open and disposable nature ofTLC plates, reduced need 
of modern laboratory facilities and the capability of handling large number of samples 
simultaneously have maintained the continuing popularity in the use of TLC as a versatile 
analytical technique since it's inception in 1938 by l-imiilov and Schraihcr who analysed 
certain medicinal plants on alumina thin layers 111. 
Over the years, thin layer chromatography (11-C) has become a preferred analytical 
method for identification and separation of closely related organic substances of 
pharmaceutical importance, it has been successfully applied in the anahsis of amino 
acids using a variety of layer materials |2-18|. 
in 1968. lleU'm^and Turner coupled favourable features of TLC and soil and developed 
a new technique known as soil flX" |19| which has been proved very useful in the 
investigation of the mobility of pesticides |2()-25|. trace elements |26] and heavy metal 
cations |27-3.'i|. Mixed layers prepared from mixtures of silica gel and soil ha\e also 
been utilised to understand the differential migration of pesticides |24| and heavy metals 
|26|. But soil ll.C has not been fully utili/ed in the separation and identification of 
amino acids. 
I he present study was taken up with the aim of understanding the mobility pattern of 
some amino acids through a static Hat soil phase in contact with aqueous .salt solutions of 
ammonium sulphate (an inorganic electrolyte which is used as fertilizer) and an organic 
fertilizer i.e. urea. Plant roots lakes up nitrogen from the .soil solution principally as 
nitrates (NO, ) and ammonium ions (Nil,'). The sulphate ion (SOa^ ) is the form in 
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which plant absorbs most of their sulphur from soil. Eioth urea and ammonium sulphate 
are used as fertilizer (i.e. source of nitrogen) and hence the present study involving the 
use of these organic and inorganic aqueous fertilizers in contact of static soil surface to 
monitor the mobility of amino acids is important. Another reason for selecting 
ammonium sulphate (source of nitrogen and sulphate ion) as mobile phase is it's 
capability of showing salting - out effect in the separation of amino acids on cellulose 
layers |34|. The present study rellects the u.seliilness of soil TLC in examining the uptake 
and translocation of amino acids in the soil. 
liased on dilTerential migration, we have obtained some important separations of amino 
acids speciallv the separation of I. - cysteine from D. L - methionine (both S ~ 
containing amino acids) using aqueous .solution of urea as mobile phase. I'he separation 
of sulphur bearing amino acids is very important because both amino acids are necessary 
for human being but only methionine is considered an essential amino acid and could be 
taken from food and drugs whereas body forms cysteine under metabolic process if 
methionine . is present in adequate amount, [-ood and drugs are considered as 
contaminants, if cysteine is present even in small quantity and separating from 
methionine can identify it by the proposed IIX" technique. 
2.2 EXPERIMENTAL 
Materials 
Ammonium sulphate, amino acids. N-cetyl-N. N-lrimcthylammonium bromide and 
sodium hydroxide (CDIl. India); urea. 2. 2-dihydroxy-lH-indane-l, -"51211 |-dione ( 
ninhydrin). acetone, boric acid and sodium dodecyl sulphate (SDS) (Merck, India): Ikij 
yX (Sigma- Aldrich. (Jermany) and phosphoric acid ((ilaxo. India) were used. 
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Preparative Procedures 
The following amino acids were sliidied; glycine (Al). L-proline (A2). L- histidine (A3), 
l.-glutamic acid (A4). L-lysine (A5). 1,-tyrosine (A6). L-cysline (A7). l.-cysteine (A8). L-
serine (A9), L-leiieine (AlO). L-arginine (All), l.-ornitliine (A12). I.-alanine (A13). DL-
aspartic acid (14). DL-alanine (A 15). 1)1.-valine (A 16), DL-phenylalanine (A 17). DL-
serine (A18). DL- isoleiicine (A19). Dl.-norisoleueine (A20). DL-tryptophan (A21). DL-
2.amino n-butyric acid (A22). DL-methionine (A23). DL-threonine (A24). D-glulamic 
acid (A25). D-leucine (A26) and D-alanine (A27). 
C'hromalographic .studies were performed using 1 %( w/v) aqueous solutions of the amino 
acids. Amino acids were detected using 0.3 %( \\7\) ninhydrin solution prepared in 
acetone, (ilass plates (20 cm x 3.5cm). glass jars (24 cm x 6cm). a pH meter [Flico model 
1.1 - 101 I and micropipette were used. All studies were performed using soil of fort area 
(Aligarh. India) as the stationary phase and aqueous solutions of ammonium sulphate 
(0.1. 0.3. 0.5. 0.7 and 0.9 M ) and urea (0.1 and 0.9 M ) as mobile phases. 
Preparation of Soil TLC Plates 
A .sample of natural, uncultivated soil was collected from the soil surface horizon (0-20 
cm deep). Ihe .sample was dried, grounded and pa.s.sed through 100 mesh (BSS) si/.e 
sieve to get uniform particle si/e. I he physico-chemical properties of soil (used as 
stationary phase) in present study \vere summarized in Table 2.1. 
lo prepare soil I'l.C plates, soil sample was slurried mechanically for 5 minutes after 
mixing with double di.stilled water in 1:3 ratio. Ihe resultant homogenous slurry was 
spread onto 20 cm x 3.5 cm glass plates as 0.25 mm thick layer. Ihe plates were air dried 
al room temperature (30 ± 2"C') and stored in an air tight chamber until used. 
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Chromatographic Procedures 
lest solutions (approx. 1 \i.\) were applied on TLC plates with the help of micropipette at 
a distance oi~ 2 em above the lower edge of the plates. The spots were dried at room 
temperature before development, fhe plates were covered by the filter paper upto 1.5 cm 
soaked in the mobile phase so as to avoid the disintegration of soil as soon as it comes in 
contact with the mobile phase. The solvent ascent was fixed at 10 cm in all cases. The 
glass jars containing mobile phase (approx. 15 ml) were covered with lids and left for 10 
minutes for saturation before introducing the plates for development, fhe plates were 
de\eloped in the chosen solvent system by the ascending technique. After development, 
the plates were withdrawn from glass jars and dried at room temperature. After drying, 
the plates were sprayed with detector i.e. ninhydrin solution. Amino acids were detected 
as pinki.sh-red/brick-red .spots. Ihe retention sequence of amino acids by .soil phase 
under dilTerent experimental conditions was measured in terms of retardation factor (i.e. 
Ri value). I'or R| value, the R| (R| of leading front) and Ri (R| of trailing front) values 
for each spot were determined and the R| value was calculated as 
^__ iR-L - RT i X 0 
I he results obtained have been, in most cases presented in the form of ARi value which 
is the difference between the R| values t)f amino acids obtained in two different systems 
|AR| - R| in system A - R| in system Ii|. 
To elTect their separation, equal volumes of amino acids (1% w/v) to be separated were 
mixed and I |.il of the resultant mixture was loaded on TIX" plates. The plates were 
82 
developed lo 10 cm height, the spots were detected and the R| values of the separated 
amino acids were determined. 
To examine the adsorption behavior of amino acids in the presence of surfactants. 1 ml of 
calionic. non-ionic or anionic surfactant solution (prepared in methanol) at surfactant 
concentration levels (10"^M. below critical micelle concentration, CMC value and 10'"M. 
above CMC value) were mixed separately with 1 ml of amino acid (1% w7v). After 
thorough mixing. 1 |.il of the resultant mixture was spotted on TLC plates and the 
chromatography was performed. 
i) amino acid plus surlactant (1 ()'"M) 
ii) amino acid plus surfactant (lO'^M) 
Ihe R| values of all amino acids above v\ere determined using O.IM urea as mobile 
phase, from the obtained R| values. A R| i (R| of pure amino acid - R| of amino acid in 
the presence of l()""M surfactant) and A R| ^ (R| of pure amino acid - R| of amino acid in 
the presence of 10-M surfactant) \alues were determined. The surfactants at 
concentration of 10'M and 10"'M were intentionally used in view of the fact that at lower 
concentration (lO'^M) nonionic surfactant behave as monomer whereas cationic and 
anionic surfactant behave as electrol\te while abo\e CMC (lO'M) surfactant molecules 
are aggregated to form micelles which behave differently than their behavior below the 
CMC values. 
2.3 RESULTS AND DISCUSSION 
l'ig.2.l (a-e) illustrates the dependency of Ri values on the concentration of ammonium 
sulphate. The amino acids can be divided into the following groups according to their 
chromatographic behavior. 
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Amino acids such as Al . A9. A13 and A26 sliowed an irregular chromatographic 
behavior. Ihe R| values of these amino acids Ibllovv the path which is routed through one 
minima at 0.5 M ammonium sulphate and two maxima. Ilrst at 0.3 M and the second at 
0.7 M ammonium sulphate (I'ig. 2.la). 
Amino acids such as A4. A16. A2I. A24 and A25 showed a decrease in R|. value on 
increasing of the ammonium sulphate concentration followed by an increase in R| value 
with a further increase in the concentration of ammonium sulphate. Thus, these amino 
acids show only one minima (Fig. 2.1 b). 
Amino acids such as A18 and AI9 showed an increase in R| value with the increase in 
ammonium sulphate concentration (I'ig. 2.Ic). 
Amino acids such as A14 and A15 showed no significant change in their R| values till 
the concentration of ammonium sulphate is reached to the level of 0.7 M. However. 
sudden increase in their R| \alues were observed on increasing the concentration oi 
ammonium sulphate from 0.7 to 0.9 M (I'ig. 2.Id). 
Amino acid like A22 showed a dilTerent beha\ iour. It's R| value first decreased with an 
increase in ammonium sulphate concentration and then increased followed by I'urther 
decrease with the increa.se of concentration of ammonium sulphate. (Fig. 2.1e). 
I he aforementioned behavior of amino acids showing minima and maxima in Fig. 2.1 are 
indicative of salting-out (decrease in Ri value with an increase in salt concentration) and 
.salling-in (increase in R| value with an increase in salt concentration) effects for certain 
amino acids within limited concentration range of ammonium sulphate. 
Fig. 2.2(a-c) more clearly demon.stratcd the dependence of RM |RM = log { 1 - R| l^ i^ i | 
value of l.-lysine, 1, - arginine and 1, ornithine on the molarity of ammonium sulphate 
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in the mobile phase. Il is evident from the data summarised in lable 2.2 that the mobility 
of A4. A6. A7. A9. A10 and A2I amino aeids inereased with an inerease in concentration 
of urea in the mobile phase. The tailed spots of A6 and A7 produced at lower 
concentration of urea (0.1 M) were transformed into well-shaped compact spots at higher 
concentration of urea (0.9 M). I'he mobility of other amino acids remained almost 
unchanged irrespective of the concentration of urea in the mobile phase. 
In view of differential adsorption efficiencies of amino acids on soil layer developed with 
O.IM ammonium sulphate and urea, a detailed study was performed with these aqueous 
mobile phase s)stems, fhe results presented in fable 2.2 clearly indicated that amino 
acids in various combinations can be resohed on soil layer from their binary mi.xtures. 
llowexer. a three-component mi.xture consisting of glycine. L-arginine and D-glutamic 
acid can be resohed on .soil phase if 0.1 M ammonium sulphate is used as mobile pha.se 
(figure 2.3). fable 2.3 shows the \arious experimentally achieved separations on soil 
la\er. 
It is exident that in all cases. l.-l\sine. l.-arginine and 1,-ornithine are strongly adsorbed 
on soil bed and remained close to the point of application when soil TL>C plates were 
de\eloped with 0.1 M urea. It is therefore concluded that with 0.1 M urea as eluent. 1. -
hsine. l.-arginine and L-ornithine were not passed through soil static phase and the 
bioavailability of these amino acids to the plant is not possible. Conversly, glycine (A I). 
L-alanine (A13) and DL-alanine (AI5) showing significant mobility (R| range 0.6 - 0.8) 
were easily transportable through the soil layer and thus arc available for assimilation by 
plants. I he strong ad.sorption of L-lysine. L-arginine and [^-ornithine may be due to the 
electrostatic attraction ofthe.se amino acids on .soil bed. 
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NH: NH2 
I I 
[ ^ - + 'I1;,N-(CI1:)4- C-C()() -^ I >-NlI3 - (CH2)4 - C - COO" 
soil colloid soil colloid 
The siibslitulion ol'O.l M urea by ammoniiiin sulphate (0. IM) as mobile phase led to the 
enhanced mobilily of almost all amino acids. It is due to the fact thai ammomium 
sulphate being an electrolyte promoted the mobilily of amino acids in comparison lo urea 
that remained in molecular form in aqueous medium. 
Results presented in i-ig. 2.4 more clearly demonstrated the effect of ammonium sulphate 
as mobility accelerator for amino acids as compared to urea. This figure is constructed b> 
plotting AR( (R| of amino acids in 0.1 M ammonium sulphate minus R| in 0.1 M urea) 
\ersus amino acids. The positive AR| values are indicative of enhanced mobility (or 
decreased adsorptivity) of amino acids in ammonium sulphate. Thus, if amino acids were 
to be transported through .soil bed. an electrolyte like ammonium sulphate .should be 
preferred as mobile phase over a molecular organic compound like urea. However, 
aspartic acid, valine and isoleucine showed almost identical adsorption behavior in both 
urea and ammonium sulphate systems. 
Effect of Surfactants on the Mobility of Amino Acids 
Effect ofCationic Surfactants (CTAB) 
Mixture 0/Amino Acids + CTAB (above CMC) 
Only two amino acids namely I.-leucine and D-alanine showed positive AR| values, 
while in ca.se of the rest of amino acids studied. AR| values were found to be negative, 
the maximum being in the case of O-leucine and Ol.-phenylalaninc (l-'ig. 2.5a). 
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Mixture of Amino Acids + CTAB (below CMC) 
In this case, positive A R|. values were obtained for I.-alanine (A R| = + 0.08), DL- valine 
(A R| =•- + 0.06) and DL-nor-isoleucine (A R| = + 0.07). All other amino acids showed 
either no change in their mobility or showed negative AR| values, the most pronounced 
elTect in reduction ofRi value was for l,-serine (AR| = - 0. l7)(Fig. 2.5b). 
Effect ofNonionic Surfactants (CTAB) (BRIJ - 98) 
Mixture of Amino Acids + Brij-98 (above CMC) 
1)1.-alanine showed the maximum positi\e AR| value (AR| = + 0.13) while L- leucine. 
l)I.-aspartic acid, Dl.-nor-isoleucine and I)-alanine showed nominal positive A R| values 
(.AR| = + 0.03 - + 0.05). The highest magnitude of negative AR| value was observed for 
1.-glutamic acid (AR| = - 0.22) while other amino acids showed AR| in the range of ± 
0.06 (l-ig. 2.6a). 
Mixture of Amino Acids + Brij- 98 (below CMC) 
None of the amino acids showed significant positi\e AR| values. The noticeable change 
in R| \alue was found for l.-glutamic acid (AR| = - 0.11). Other amino acids showing 
negative AR| values were 1.-serine. Dl.-aspartic acid. DL-alanine and D-leucine (I'ig. 
2.6b). 
Effect of Anionic Surfactants (SDS) 
Mixture of Amino Acids + SDS (above CMC) 
Ihe maximum impact of SDS on the R| values of amino acids was noticed in the case of 
1)1.-tryptophan where the magnitude of AR| was 0.23. Other amino acids showing 
negative AR| values in the range of 0.05 0.10 were I)-alanine (-0.06). I,-glulamic acid 
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or 1)1.-phenylalanine (-0.07). D-leucine (-0.08). Dl.-methionine (-0.09) and DI,-threonine 
(- 0.10). A slightly higher negative A R| values for D-serine (A R|. = - 0.15) and D-
gkilamie acid (A Ri = - 0.15) were observed (I'ig. 2.7a) 
Mixture of Amino Acid + SDS (below CMC) 
Positive AR| values were found for l)L-aspartic acid and DL-nor-isoleucine while 
maximum negative AR| value was for L-ey.stine (-0.21). Other amino acids showing 
negative AR| values in the range of 0.08 -0 .16 were D-alanine (-0.08), DL-threonine (-
0.15). I)-glutamie acid (-0.14) and D-serine (-0.12) (1-ig. 2.7b). 
The positive AR| values were indicative of lowering of R( values (or increase in 
adsorption capacity of soil) of amino acids in the presence of surfactants whereas the 
negati\e AR| \alues were indicative of reverse effect i.e. increasing in R| value of 
amino acids by the presence of surfactants. Thus, surfactants, if present in amino acids 
max increase or decrease the mobility of amino acids through soil static phase. In 
general, the mobilities of amino acids through .soil layer were increased in the presence 
of calionic. anionic or non-ionic surfactants (l"ig. 2.5-2.7). Therefore, it may be 
concluded that surfactants can be utilized as mobility promoter for amino acids through 
soil. 
Ihis study is useful in view that the soil is usually contaminated by surfactants 
commonly u.sed in shampoos (anionic surfactants), textile industries as fabric softners 
(cationic surfactants), and heavy-duty laundry formulations (non-ionic surfactants). All 
these surfactants bring about a change in adsorption characteristics of the soil phase and 
thus inlluence the adsorption cfdciency of soil. 
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Influence of Various Factors on the Mobilities of Amino Acids 
Effect (ff Particle Size 
Impact of particle size of the soil on the mobilities of amino acid was studied by using 
same soil of two dilTerent particle sizes viz. 100 mesh and 200 mesh sizes under identical 
experimental condition. The increase in the particle size of soil from 100 to 200 mesh 
size led to (a) increase in the development time by 15-20 min for the travel of 10 cm by 
the mobile phase (O.IM urea) and (b) increase in the compactness of spots along with 
slight decrease in R| values of all amino acids. Generally, the maximum reduction in F^ i 
\alue of an amino acid was 4% from the average value. The reduction in Ri values was 
due to the increase of amino acid holding capacity by soil as a result of increased surface 
area of particles. 
Effect of Activation of Plates 
I'or this, room temperature dried soil I I.C plates were activated at 60°C for 30 minutes in 
an electricall) controlled oven. Chromatographic studies were performed using these 
plates and results obtained were compared with those obtained on room temperature 
(.^()°(') dried (or non activated) plates. The ad.sorption pattern of amino acids remained 
almost unaltered irrespective of the fact that whether amino acids were chromatograplied 
on air-dried (30°C) or activated (6()°C') .soil I I.C plates using O.IM urea as mobile pha.se. 
Effect ofpH 
I he pi I of the soil was increased from 8.4 to 10.6 by using borate-phosphate buffer 
during the preparation of soil slurry. An examination of the effect of pll on the mobility 
pattern of amino acids through .soil bed indicated that as the pil of the soil phase is 
increased from 8.4 to 10.6. R| values of all amino acids were increased. This fact may be 
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atlributed to the change of physical structure of soil. It had been reported |35J that the 
stabilized aggregate structure of soil changes into a dispersed structure less phase at high 
pi 1 value. 
Effect oj Irradiation of Soil hy y^Rays 
Soil sample was irradiated by keeping it in front of y-rays source for 15 minutes and this 
soil was used in preparing soil TI.C plates. Chromatographic studies were performed and 
results were compared with those obtained on non- radiated soil plates. No effect was 
observed on the mobility of amino acids chromatographed on y-irradiated soil TI.C plates 
compared to the mobility on natural soil plates. 
2.4 Conclusion 
Ihe study undertaken showed that certain amino acids exhibit salting-in and salting-out 
phenomena on soil within limited concentration range of ammonium sulphate. The 
proposed chromatographic procedure allowed the separation of amino acids from their 
multi-component mixtures. Ihe substitution of urea (0.1 M) by ammonium sulphate 
(0.1 M) as the mobile phase led to the enhanced mobility of almost all amino acids 
through soil bed. The presence of surfactant in the analyte promotes the mobility of 
amino acids through soil bed. Most favourable chromatographic system, for mutual 
separation of glycine. 1,-arginine and l.-gkilamic acid. con.stitutes 0.1 M-ammonium 
sulphate as mobile phase and soil as stationary phase. 
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Table 2.1: Physico-chemical properties of soil (used as stationary phase) 
Parameters 
Mechanical composition {%) 
Sand 
Silt 
Clay 
pi I (soil : water - 1:5) 
{{leetrical conductivity (mMhos/cm) 
1 Achangeabic cations (meq/100 g soil) 
K 
Na' 
C-a-' 
Mg-
Axailable nitrogen (ppni) 
NIL,' 
NO;," 
Non-
organic matter (%) 
Value 
62.70 
24.25 
13.05 
8.4 
0.64 
0.50 
1.00 
3.50 
1.50 
52.0 
40.0 
6.0 
0.47 
93 
Tabic 2.2: R|. values (mobility) of amino acids at different concentration levels of 
ammonium sulphate 
Amino Acids 
A, 
A. 
A-. 
A, 
A. 
A„ 
A-
As 
A., 
A,n 
An 
A i : 
A,; 
A,, 
A,. 
A,„ 
A r 
A,s 
A,„ 
A.„ 
A;, 
A>; 
A. , 
A M 
A.. 
A > 
A -
0.66 
N.D 
N.D 
0.85 
0.34 
N.D 
N.D 
N.I) 
0.74 
0.8.3 
0.25 
0.26 
0.79 
0.72 
0.72 
0.74 
0.74 
0.68 
0.75 
N.D 
O.IM 
(0.60)* 
(N.D) 
(N.D) 
(0.73) 
(0.04) 
(0.331) 
(0.281) 
(0.41) 
(0.59) 
(0.80) 
(0.03) 
(0.06) 
(0.68) 
(0.74) 
(0.67) 
(0.76) 
(0.66) 
(0.61) 
(0.75) 
(0.78) 
0.66 (0.49) . 
0.82 
0.8 i 
0.81 
0.84 
0.78 
(0.72) 
(0.65) 
(0.65) 
(0.71) 
(0.74) 
0.76 (0.67) 
0.3 IM 
0.70 
N.D 
0.68 
0.84 
0.50 
N.D 
N.D 
N.D 
0.75 
0.80 
0.43 
0.49 
0.84 
0.72 
0.70 
0.71T 
0.73 
0.75 
0.77 
N.D 
0.60 
0.76 
0.79 
0.73 
0.82 
0.85 
0.86 
0.5IVI 
0.64 
0.74 
0.66 
0.78 
0.56 
N.D 
N.D 
N.D 
0.68 
0.73 
0.51 
0.51 
0.69 
0.71 
0.72 
0.81 
0.73 
0.72 
0.77 
N.D 
0.62 
0.80 
0.76 
0.76 
0.75 
0.71 
0.73 
0.7M 
0.75 
N.D 
N.D 
0.90 
0.70 
N.D 
N.D 
N.D 
0.81 
0.76 
0.72 
0.79 
0.90 
0.71 
0.74 
0.81 
0.76 
0.74 
0.79 
N.D 
0.62 
0.78 
0.74 
0.74 
0.91 
0.82 
0.79 
0.9IVI 
0.74 (0.64)* 
0.79 
N.D 
0.86 
0.65 
N.D 
N.D 
N.D 
0.80 
0.82 
0.58 
0.67 
0.87 
0.76 
0.82 
0.83 
(N.D) 
(0.53) 
(0.81) 
(0.06) 
(0.69) 
(0.56) 
(N.D) 
(0.66) 
(0.86) 
(0.06) 
(0.06) 
(0.65) 
(N.D) 
(0.65) 
(0.79) 
0.69 (0.68) 
0.78 
0.84 
N.D 
0.69 
0.73 
0.78 
0.76 
(0.63) 
(0.78) 
(0.77) 
(0.65) 
(0.71) 
(0.66) 
(0.69) 
0.87 (0.76) 
0.66 
N.D 
(0.73) 
(0.63) 
*Thc values presented in bracket refer to the R| values of amino acids obtained in 
aqueous urea solutions. 
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Tabic 2.3: Separations of amino acids experimentally achieved on soil-layer 
Mobile Amino acids separated Remark 
phase 
O.lNliirca Glycine (0.59) - l.-glutainic acid (0.84). L-cysteine Separation of mono 
(0.56) " L-glulamic acid (().7K). L-cysteinc (0.57) - Dl. - amino carboxylic 
-aspartic acid (0.80) acids from mono ~ 
amino dicarbo.xylic 
acid.s. 
O.IM urea L-arginine (0.09) - DL-aspartic acid (0.67). L-arginine Separation of mono 
(0.10) - L-glutamic acid (0.78). I. - ly.sine (0.07) - L- -amino 
glutamic acid (0.69). l.-lysine (0.06) - DL-aspartic acid dicarbo.xylic acids 
(0.66) from dibasic 
monocarboxylic 
acids. 
O.IM urea (Jiycine (0.73) - DL~isoleucine (0.90). glycine (0.69) - Separation of 
[^-leucine (0.83). glycine (0.70) - DI,-valine (0.89). simple mono-
glycine (0.63)-1.-leucine (0.81) amino mono-
carboxylic acid 
from branched 
chain mono- amino 
mono-carboxylic 
acids. 
O.IM urea 1,-arginine (0.05) - Dl.-methionine (0.45). L-arginine Separation of 
(0.07) - DL-valine (0.81). l.-arginine (0.05) - DI>- amino - acids 
i.solcucine (0.90). l.-lysine (0.06) - DL-isolcucine having non - polar 
(0.79). 1,-lysine (0.07) - Dl.-valine (0.78). L-argininc side chains from 
(0.06) - Dl,-phenylalanine (0.78) amino acids having 
charged or ionic 
polar side chains 
(basic). 
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0.1 M urea 
O.IM urea 
O.IM 
ammonium 
sulphate 
O.IM 
ammonium 
sulphate 
0.3 M 
ammonium 
sulphate 
L- lysine (0.08) - Dl.-methionine (0.69), L-lysine 
(0.06) - L-cysteine (0.45), L-arginine (0.10) - L-
cysteine (0.49), L-cysteine (0.55) ~ D-glutamic acid 
(0.79), L-arginine (0.05) ~ DL-melhionine (0.69), L-
lysine(0.06) - DL-phenylalanine (0.77), L-arginine 
(0.07) - L-alanine (0.77). L-arginine (0.10) - DL-
Iryptophan (0.68), L-lysine (0.08) - DL-tryptophan 
(0.72) 
L-eysteine (0.40) - DL-methionine (0.60) 
Glycine (0.65) - L-alanine (0.83) 
Separation o\' 
amino acids having 
non-polar side 
chain from amino 
acids having 
charged or ionic 
polar side chain 
(acidic). 
Separation of 
(jlycine (0.29) - L-arginine (0.61) - D-glutamic acid 
(0.76) 
L-hi.stidine (0.49) - L-arginine (0.69) 
sulphur containing 
amino acids. 
Mutual separation 
of simple mono-
amino mono 
carboxylic acids. 
Simultaneous 
separation of mono 
-amino mono-
carbo.xylic acid 
from mono-ami no 
dicarboxylic acid 
and dibasic mono 
carboxylic acids. 
Mutual separation 
of amino acids 
containing 
positively charged 
R group. 
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Fig. 2.1(a-c): Effect of ammonium sulphate concentration on the mobility' of amino 
acids. 
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Fig. 2.2a: Dependence of Rm of lysine on the molarity of ammonium sulphate. 
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Fig. 2.2b: Dependence of Rm of arginine on the molarity of ammonium sulphate. 
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Fig. 2.2c: Dependence of Rm of L-ornithine on the molarity of ammonium sulphate. 
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Fig. 2.3: Chromatogram demonstrating simultaneous separation of mono-amino 
mono carboxylic acid (An) from mono-amino dicarboxylic acid (A2<;) and dibasic 
mono-carboxyiic acid. 
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Fig. 2.4: Effect of substitution of 0.1 M urea by 0.1 M ammonium sulphate as mobile 
Phase on the mobility of amino acids (A2-A8, Aio and A20 were not detected in one of 
the medium). 
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Fig. 2.5a: Effect of cationic surfactants (above CMC) on the mobility of amino acids 
(A2, A3, A(i-A9, A|4, A|8, A21 and A23 were not detected). 
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Fig. 2.5b: Effect of cationic surfactants (below CMC) on the mobility of amino acids 
(A2-A4, Afi-As, A18 and A21 were not detected). 
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Fig. 2.6a: Effect of nonionic surfactants (above CMC) on the mobility of amino acids 
(A?, Aj and A -^As were not detected). 
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30 
Fig. 2.6b: Effect of nonionic surfactants (below CMC) on the mobility of amino 
acids (A2, Aj, As-As, A13, Ajt and A23 were not detected). 
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Fig. 2.7a: Effect of anionic surfactants (above CMC) on the mobility of amino acids 
(A2, A3, A(i-A9, A12, A|3 and A|8 were not detected). 
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Fig. 2.7b- Effect of anionic surfactants (below CMC) on the mobility of amino acids 
(A2, A3, Af,, As, A|3 and A21 were not detected). 
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On-^Cate Separation of ^ mino Acids 
with Qreen ^Cuetit 
3.1 INTRODUCTION 
Because of the biochemical and physiological importance of amino acids, several 
analytical techniques such as high-performance liquid chromatography [1]. gas 
chromatography [2], thin-layer chromatography | 3 | , electrophoresis [4], viscometric [5] 
and micellar electrokinetic chromatography [6], have been used for their analysis. Among 
chromatographic techniques, thin-layer chromatography (TLC) have been the most 
popular for routine analysis of amino acids because of several attractive features such as 
wider choice of mobile and stationary phases, flexibility in sample detection, the open 
and disposable nature of thin layer chromatographic plates, low solvent consumption, 
minimal sample clean up, reasonable resolution power and the ability to handle large 
number of samples simultaneously. 
fo achieve improved chromatographic performance in terms of selectivity, resolution and 
reproducibility, a variety of layer materials as stationary phases in TLC had been used 
successfully in the analysis of amino acids [7-19]. 
Surfactant modified TLC is a promising method and has found wide application. 
Surfactants were first used in paper chromatography in 1963 [20]. Later on. surfactants 
were proposed for the preliminary impregnation of different adsorbents in thin-layer 
chromatography [21]. Different versions of ILC with surfactant modification expanded 
the potentialities of the method, and in some cases, provided the efficient separation of 
mixtures, especially those containing neutral and charged organic compounds. 
The surfactant adsorption onto the stationary phase could occur in at least two ways: 
i) The hydrophobic one. in which the alky! tail is adsorbed and the ionic head group 
would then be in contact with the polar solution. 
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ii) The silanophilic one. in which the ionic head group is adsorbed and the stationary 
phase becomes more hydrophobic |22|. 
According to [23] the main separation mechanisms on an impregnated stationary phase 
are the ion-exchange (cationic and anionic species) and distribution mechanisms (neutral 
species). 
lo our surprise, in spite of several advantageous features such as non-toxicity, non 
volatility, non-inflammability, non-aggressivenes.s. high-biodegradability and cost 
effectiveness, full potential of surfactants as impregnating reagent of stationary phase for 
I LC analysis of amino acids has not been exploited. 
I he aim of this work was to develop new stationary phases by surface modification of 
silica gel with aqueous solution of surfactants [(at surfactant concentration levels below 
and above critical micelle concentration (CMC)}. Surfactants at these two concentration 
levels were dcliberatel) used because at below CMC value non-ionic surfactants behaves 
as monomer where as cationic and anionic surfactants acts as hydrophobic counter ions. 
However, above CMC value, surfactants form micelles which selectively solubilize 
hydrophobic and hydrophilic compounds. Another important feature of this study is the 
u.se of a "green" eluent (aqueous solution of dextrose) as mobile phase. The major 
advantage of this eluent is that it is non-toxic, cco-friendly and because of the important 
interaction of sugars with amino acids in the formation of glycoproteins and in the 
formation of amino-acid-sugar adduct. Inspite of distinct advantages, so far there have 
been only two reports [24-25] on the use of carbohydrates (other than cyclodextrin) as 
eluent in thin layer chromatography. Because of this fact, we developed a new Tl.C 
system comprising of silica gel impregnated with micellar solution of cctrimide 
(tetradecyl trimethyl ammonium bromide) |26| as .stationary phase and 40% aqueous 
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solution of dextrose as mobile piiase for the mutual separation of lysine from arginine. 
Separation of lysine and arginine is very important because of their similarities. Both, 
lysine and arginine are dibasic monocarboxylic acid with positive charge on the R group. 
However, their physiological activities are different, lysine is an essential amino acid 
which is predominantly ketogenic (this amino acid will enter fatty acid metabolic 
pathway) whereas arginine is semi-essential amino acid which is glucogenic (it will enter 
glucogenic pathway). 
3.2 EXPERIMENTAL 
All experiments were performed at 30 ± T'C. 
Apparatus 
A thin layer chromatographic applicator (Toshniwal, India) was used for coating silica 
gel on 20 cm x 3 cm glass plates. The chromatography was performed in 24 cm x 6 cm 
glass jars. Tripette (Werthlin, Germany) was used for spotting of analyte. A glass sprayer 
was used to spray reagents on the plates to locate the position of spot of analyte. 
Chemical and Reagents 
Acetone, ninhydrin. silica gel "G", alumina (neutral) "G', amino acids (leucine, 
norleucine, isoleucine. valine, proline, alanine, tryptophan, methionine, serine, tyrosine, 
glutamic acid, histidine, lysine, arginine. phenylalanine and threonine), dextro.se. 
surfactants (cetylpyridinium chloride [CPCj and cetrimide, CDH, India) were used. All 
reagents were of analytical reagent grade. 
• 1% (w/v) aqueous solution of amino acids were prepared by dissolving the 
appropriate amount (O.Ig) in 10 ml double distilled water and this was used as test 
solution. 
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• 0.3% (w/v) ninhydrin solution in acetone was used to detect all the amino acids. 
• 1% (w/v) solutions of metal cations (Cd-\ Ni"', Cu"', Co^\ Zx^\ ?\?^ and Cr(Vl)) 
were prepared by dissolving their chloride, nitrate or sulphate salts (0.Ig ) in 10 ml 
double distilled water. 
Mobile Phase 
40% aqueous solution of dextrose, prepared in double distilled water, was used as mobile 
phase for the entire study. 
Stationary Phase 
Code 
s, 
S: 
S:, 
S4 
s.. 
s„ 
S7 
SN 
s. 
s,„ 
Stationary Phase 
Silica gel "G" 
Alumina (neutral) "G" 
Silica gel impregnated with CPC (above CMC, 2 x 10"^  M) 
Silica gel impregnated with CPC (below CMC. 5 x IC ' M) 
Silica gel impregnated with cetrimide (above CMC, 5 x 10"' M) 
Silica gel impregnated with cetrimide (below CMC, 2 x 10""' M) 
Alumina impregnated with CPC (above CMC. 2 x 10"^  M) 
Alumina impregnated with CPC (below CMC, 5 x 10'"' M) 
Alumina impregnated with cetrimide (above CMC, 2 x 10"^  M) 
Alumina impregnated with cetrimide (below CMC, 2 x 10"' M) 
Preparation of TLC Plates 
(a) Plain TLC Plates: The desired stationary phase (20 g) was homogenized with 60 ml 
double distilled water by constant shaking for 5 min and the resulting slurry was 
coated immediately onto 20 cm x 3 cm glass plates as 0.25 mm thick layer by 
means of a TLC coatcr (Toshniwal. India). The plates were dried at room 
temperature. After drying, the plates were activated by heating at 100 ± T'C for 1 h 
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in an electrically controlled oven. After activation, the plates were cooled to room 
temperature and then stored in a closed chamber (30"C) before use. 
(b) Impregnated TLC Plates: The activated silica gel/alumina plates were impregnated 
with desired concentrations (above and below CMC) of CPC and cetrimide by 
developing silica gel/alumina plates in aqueous solution of impregnating reagent, 
followed by drying of the plates at 100"C in an electrically controlled oven for 1 h. 
Characterisation of Impregnated Silica Gel 
The morphology of impregnated silica gel was observed using scanning electron 
microscopy (SEM, XL-30 Philps, The Netherlands). The infra-red absorption spectra of 
the samples were recorded as KBr pellets in the region 4000-400 cm' on a computer 
interfaced by a Fourier Transform Infra Red Spectrometer (FT-IR)(Nicolet- 740, 
America). 
Procedure 
Same as in chapter 2. 
All amino acids except proline appeared as violet spots on heating TLC plates for 15-20 
min at 60"C, proline appears as yellowish spot. 
Separation 
I'orthe mutual separation, equal volumes (1 ml each) of lysine and arginine were mixed 
and 0.050 |il of the resultant mixture was loaded on silica gel plate impregnated with 
cetrimide (above CMC) (Ss). The plates were developed in aqueous solution of dextrose 
as mobile phase, the spots were detected and the R| values of the separated amino acids 
were determined. 
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Effect of Metal Cations 
Amino acids being amphipathic biomolecules, their chromatographic behaviour is 
supposed to change in the presence of metal cations. Therefore, it was felt worthwhile to 
observe the effect of heavy metal cations (Cd"', N i ' \ Cu'^, Co""^ , Zn•^ Pb^^ and Cr(VI)) 
as an additive on the separation of lysine from arginine. For investigating this, an aliquot 
(0.050 \i\) of additives (1% aqueous solution) was spotted along with the mixture (0.050 
|il) of amino acids (lysine and arginine) and chromatography was performed as described 
earlier. The spots were detected and the R| values of separated amino acids were 
determined. 
Chromatographic Parameters 
The stability of the colour intensity of amino acid spots on the chromatogram was 
observed visually. The developed chromatoplates were protected from light and the spot 
intensities were compared visually after every 12 h for a period of 100 h. 
To investigate the stability (ageing effect) of mixture of amino acids under study, the 
mixture was chromatographed as described earlier after every 24 h for the duration of 10 
days under similar experimental conditions. The R| values of amino acids so obtained 
after every 24 h internal were compared with the values obtained from the freshly 
prepared mixture of amino acids. 
The reproducibility of Ri values was checked by determining the R|. of the same sample 
by three different analyst and by the same analyst on different days under identical 
experimental conditions, in the same laboratory, using same apparatus. 
Limit of Detection 
The limit of detection of lysine and arginine was determined by spotting different 
amounts of these amino acids on the Ss TLC plates and developing with the same mobile 
phase and detecting the corresponding spots. The method was repeated with successively 
decreasing amounts of lysine and arginine until no spot was detected. The minimum 
detectable amounts of these amino acids were taken as limit of detection. 
3.3 RESULTS AND DISCUSSION 
In this study, aqueous solution of dextrose was used as mobile phase and silica gel 
unimpregnated (S|, S2) and impregnated {S3-S10) with aqueous solutions of cationic 
surfactants at different concentration levels were used as stationary phase to examine the 
mobility trend of amino acids. To optimize the concentration of mobile phase, 5-50% 
aqueous solution of dextrose was used. Mobility (R|) of all amino acids studied with 5-
35% aqueous solution of dextrose was in the range of 0.94-1.00. So, these eluents were 
not useful for chromatographic studies. Similarly, eluents with dextrose concentration 
greater than 40% were found not useful for separation because there was slight change in 
the R| of amino acids. So. 40% aqueous solution of dextrose was selected as eluent for 
further studies. The results obtained for the mobility of amino acids on S| stationary 
phase was presented in Fig. 3.1. From the figure, it is clear that all non-polar amino acids 
except alanine show R| in the range of 0.60-0.85 on unimpregnated silica gel (S|). 
Alanine shows slightly higher R| (0.92). This behaviour of alanine may be attributed to 
the absence of any extra ionizable group in its structure. All polar amino acids have 
higher mobility as compared to non-polar amino acids. 
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Results listed in Table 3.1 deals with the use of silica stationary phase (S3- S6), surface of 
which is modified with two different cationic surfactants at two different concentration 
levels [i.e. above critical micelle concentration (CMC) and below CMC]. These 
concentration levels of surfactant were selected for impregnation, for the reasons that 
below CMC, surfactant behaves as an electrolyte whereas above CMC it forms micelles 
and behaves entirely in different way as compared to its behaviour below CMC. 
The interaction between sihca surface and cationic surfactant [27] could be depicted in 
the series of events illustrated in Fig. 3.2. At extreme dilutions (equilibrium 1), only a 
few silanolic sites will be occupied by the quaternarized nitrogen compounds. As the 
concentration is increased (equilibrium 2). additional sites will be engaged, thus 
progressively carpeting the silica surface. Above the critical micellar concentration 
(equilibrium 3), two phenomena will occur, the micelles will tend to fully capture the 
surlacc. and in this process they can assume the configuration of a lamina, in fact of a 
double layer, having an excess of positive charges on both surfaces. Thus, as shown in 
the reaction step (4) the original surface charge of silanols will be reversed. 
It has been reported [28] that an increase in surfactant concentration in the mobile phase 
leads to an increase in adsorbed amount of surfactant monomers on the stationary phase. 
which usually cause a change in selectivity. Our results of Table 3.1 demonstrates that 
impregnation of silica gel with cationic surfactants (above and below CMC, S r S6) in the 
stationary phase does not bring about any significant change in the selectivity of silica gel 
and all amino acids except lysine show either equal or slightly higher mobility on these 
surfaces. Lysine on silica gel impregnated with cctrimide (above CMC) shows a 
significant decrease (20%) in the mobility (R|) when compared with it's mobility on 
unimpregnated silica gel (Si). 
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fYom the comparison of FTIR spectra of plain (S|) and impregnated silica gel (S5), it is 
evident that the appearance of two new peaks at 2855cm'(due to N-CH3) and at 2931cm" 
' (due to alkyl residues) are indicative of effective interactions of cetrimide with silica 
gel. Such a structural change of impregnated silica gel is responsible for altered retention 
behavior of stationary phase towards amino acids. 
The morphology of plain silica gel and silica gel impregnated with cetrimide (S5) were 
examined with scanning electron microscopy (SEM). Fig 3.3(a) shows virgin silica gel 
while Fig. 3.3(b) shows the micrograph of impregnated silica gel. In Fig 3(b), SFM 
picture shows silica gel particles were covered up by cetrimide showing the changes 
brought about by its impregnation. 
To investigate the effect of nature of stationary phase and effect of it's impregnation on 
the retention sequence of all amino acids under study, entire study was performed on 
plain alumina (S2) and alumina impregnated (S7- Sio) with cationic surfactants (above and 
below CMC) using 40% aqueous solution of dextrose as mobile phase. Results obtained 
for this study are presented in Fig. 3.1 and Table 3.2. From Fig. 3.1, it is clear that all 
non-polar amino acids show Ri in the range of 0.50-0.65 on plain alumina layer. All 
polar amino acids except arginine and lysine were strongly adsorbed and showed lower 
Ri compared to non-polar amino acids. This may be due to the interaction of polar group 
of these amino acids with alumina which has got high adsorption efficiency. Lysine and 
arginine show higher R|. as compared to other polar amino acids. This behaviour of these 
two amino acids may be attributed to the fact that both have highest pi values (9.8 and 
10.8. respectively) among polar amino acids. 
On comparing the mobility of amino acids on plain silica gel layer and plain alumina 
layer, it is clear that amino acids are more strongly adsorbed on alumina compared to 
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silica gel. This is due to the fact that most important interaction affecting sample 
retention on the surface of the stationary phase in planar chromatography is the mean 
hydroxyl group density |29]. Mean hydroxy! group density of alumina is about 13 
|.nnl/m" whereas mean hydroxyl group density of silica gel is about 08 |amL/m" [30]. 
From Table 3.2, it is also clear that impregnation of alumina layer with cationic surfactant 
(above and below CMC) does not bring about any significant change in the mobility of 
amino acids as is the case with silica gel. 
On the basis of above studies, it was concluded that silica gel impregnated with cetrimide 
(above CMC, Ss) with 40% (w/v) aqueous solution of dextrose as eluent is best suited for 
the mutual separation of lysine from arginine. When the mixture of lysine and arginine 
was chromatographed with this most favorable TLC system, arginine moved up to the top 
of the plate (R| = 0.92) leaving lysine at the middle of the plate (R| = 0.72) from the 
point of application. Thus, lysine was successfully separated from arginine. This 
separation can be categorized as "green" because the traditional usage of corrosive and 
toxic organic solvent as eluent is not used here. 
Ilffect of presence of heavy metal cations as an additive on the mutual separation of 
lysine and arginine was investigated to broaden the scope of the developed TLC system. 
I'rom the results obtained, it is clear that these metal cations (Cd^ -^ Ni^ "", Cu^^, Zx^*, Pb^* 
and Cr (VI)) when present as an impurity caused changes in the R|. of lysine (± 0.04) and 
arginine (± 0.06) but did not hamper the separation. This due to the lack of interaction 
between the metal cations and lysine and arginine as both these amino acids and metal 
cations possess positive charges on them. 
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Ihe lowest possible detectable amounts of lysine and arginine on silica gel impregnated 
with cetrimide (above CMC, Ss) stationary phase developed with 40% aqueous solution 
of dextrose were 0.17 \ig and 0.12 |Ag respectively. 
Stability is an important and essential aspect of validation in thin layer chromatography 
analysis. Highly sensitive samples should not decompose during development of the 
chromatogram and should be stable in-solution and on the adsorbent. The intensity of 
spots on the chromatogram should be constant at least for 1 h. No significant change in 
the intensities of the spots was noticed after storage of developed plates, protected from 
light for periods upto of 72 h, indicating good stability of the mixture. 
Because no change in the R| values of the spots was observed when R|. values of spots 
obtained from the freshly prepared solutions were compared with those obtained on 30 
consecutive days, it was concluded that the solutions were sufficiently stable. 
Another important property of the method is its reproducibility, defined as the precision 
under different conditions, for example when the method was performed by different 
analysts and by the same analyst on different days. The variation in R| values of 
individual amino acids measured by three different analysts and by the same analyst on 
three different days did not differ by more than ± 5% from the average R|. value 
indicating a good reproducibility. 
Various chromatographic parameters such as AR|. a (separation factor) and Rs 
(resolution) were calculated using the following equations: 
AR|. = R|.- (Arginine) ~ R-l- (Lysine) 
Ct ~ K.(Argininc/K(|.ysinc) 
w h e r e K( Arginine) " ( 1-R-l(Argininc)/ R-l (Arginine)) 
and 
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K(| ysiiic) ~ (l-R-l-(l.ysinc/R|(l ysino) 
R s = X / 0 . 5 ( d(i.ysinc) + d(Arginine)) 
where X = AR|- X I , 1 is the migration distance of mobile phase 
d(i ysinc) and d(Argininc) Were the spot diameters of lysine and arginine. 
Ihe values obtained for various chromatographic parameters AR(. (0.20), a (2.26) and Rs 
(3.047) are in good agreement with the standard values for these parameters indicating 
good separation of lysine from arginine. 
3.4 CONCLUSION 
It can be concluded from the above presented work that thin layer chromatographic 
system comprising of silica gel impregnated with cetrimide (above CMC) as stationary 
phase and 40% (w/v) aqueous solution of dextrose as mobile phase could be employed 
for the resolution of closely related amino acids. Furthermore, to make the process 
environmentally benign green eluent like aqueous solution of carbohydrates has been 
suggested for use in separation science . 
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Table 3.1: Mobilities of amino acids on silica gel layers impregnated with cationic 
surfactants (above and below their CMC values) 
RK value 
Stationary phase 
Amino acids 
Leucine (A|) 
NorIeucine(A2) 
Isoleucine (A3) 
Valine (A4) 
Proline (As) 
Gkilamic acid (A^) 
Serine (A7) 
Alanine (Ax) 
Tryptophan (Ag) 
Tyrosine (Aid) 
Histidine (An) 
Lysine (A12) 
Arginine (A|.i) 
Phenylalanine (Au) 
Threonine (A15) 
S3 S4 S5 Sf, 
0.71 
0.73 
0.67 
0.82 
0.72 
0.93 
0.94 
0.97 
0.86 
0.94 
0.94* 
0.95 
0.95 
0.76 
0.89 
0.75 
0.75 
0.70 
0.80 
0.77 
0.97 
0.97 
0.94 
0.87 
0.92 
0.96* 
0.89 
0.89 
0.77 
0.93 
0.70 
0.73 
0.72 
0.85 
0.73 
0.88 
0.91 
0.95 
0.88 
0.93 
0.95* 
0.70 
0.95 
0.72 
0.88. 
0.76 
0.73 
0.69 
0.80 
0.75 
0.94 
0.96 
0.91 
0.90 
0.94 
0.95* 
0.84 
0.92 
0.78 
0.91 
N.D.- Not detected 
* - Loading volume for these two amino acids is 0.100 ^l whereas for others loading 
volume is 0.050 fil. 
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Tabic 3.2. Mobilities of amino acids on alumina layers impregnated with cationic 
surfactants (above and below their CMC Values) 
Amino acids 
Leucine (Ai) 
Norlcucine (A?) 
Isoleucine (A3) 
Valine (A4) 
Proline (As) 
Glutamic acid (Aft) 
Serine (A7) 
Alanine (As) 
Tryptophan (Aq) 
Tyrosine (Aio) 
llistidine (All) 
Lysine (A12) 
Arginine (A1.3) 
Phenylalanine (Au) 
Threonine (A15) 
S7 
0.69 
0.71 
0.74 
0.75 
0.75* 
0.25 
0.40 
0.61 
0.54 
0.60 
0.55* 
0.64 
N.D 
0.53 
0.30 
R|. value 
Stationary phase 
Ss S9 
0.64 
0.76 
0.76 
0.66 
0.70* 
0.24 
0.38 
0.65 
0.65 
0.59 
0.56* 
0.63 
N.D 
0.69 
0.35 
0.63 
0.74 
0.76 
0.62 
0.69* 
0.30 
0.41 
0.62 
0.38 
0.49 
0.63* 
0.65 
0.64 
0.56 
0.34 
Sio 
0.72 
0.76 
0.77 
0.79 
0.66* 
0.17 
0.49 
0.56 
0.57 
0.57 
0.66* 
0.66 
0.56 
0.61 
, 0.38 
N.D.- Not detected 
* - Loading volume for these two amino acids is 0.100 1^ whereas for others loading 
volume is 0.050 ^l. 
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Fig. 3.1: Comparative mobilities of amino acids on silica gel and alumina layers. 
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Fig. 3.2: Pictorial representation of the binding of cationic surfactants to silica at 
progressively higher concentration, till surface charge reversal. 
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(a) (b) 
Fig. 3.3: SCM images of (a) Plain silica gel and (b) Impregnated silica gel. 
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Synergistic effect of Cationic-
^Nbnionic Surfactants on 
SitnuCtaneous Separation of 
(^henytatanine ancf Tyrosine 
4.1. INTRODUCTION 
Nowadays, the society needs the development of new analytical methods where the good 
characteristics as selectivity and sensitivity are not sufficient, the modern analytical 
methods needs to be 'Green', in which amount of hazardous reagents used and the 
amount of chemical waste generated during analysis should be minimal. 
Surfactants, by the virtue of properties such as high biodegradability, non-toxicity and 
non-inflammability, are receiving much attention as environmentally bening solvents for 
organic reactions, separations and electro-chemical applications. Another property of 
surfactants is their economic viability which promotes their frequent use. Because of the 
biochemical and physiological importance of amino acids, several analytical techniques 
such as high performance liquid chromatography [1], gas chromatography [2], TLC [3], 
electrophoresis [4], volumetric [5]. viscometric [6] and micellar electrokinetic 
chromatography [7], have been used for their analysis. Amongst chromatographic 
techniques, thin layer chromatography (TLC) has been the most popular for routine 
analysis of amino acids due to its simplicity of use, simultaneous analysis of large 
number of samples, use of specific and colorful reactions, the possibility of two-
dimensional separation and easier manipulation of stationary and mobile phases. 
I'rom the literature survey, the following main approaches concerning stationary phases 
currently in use in the analysis of amino acids can be identified: 
1) Traditional stationary phases [8-11 J. 
2) Surface modified stationary phases obtained by impregnation of silica gel with 
transition metal ions and their anions 112-13]. 
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3) Reversed phase stationary phases [14.15] and the stationary phases impregnated 
with organic complexing agents [16,17]. 
4) Chitin. chitosan and transition metals impregnated chitin layers [18.19]. 
5) Chiral stationary phases [20]. 
6) Synthetic inorganic ion-exchange layers [21-23]. 
7) Soil [24]. 
However, the selective interactions of the sample molecules with surface active centers 
(Si-OH, silanol group) of non-moditled silica gel and the ability of chemical 
transformations of these silanol groups with appropriate reagents have made silica gel 
most favourable stationary phase for achieving unique separations. 
Surfactant modified TLC is a promising method. Surfactants were first used in paper 
chromatography in 1963 [25]. Later on. surfactants were proposed for the preliminary 
impregnation of different adsorbents in TLC [26. 27]. It was demonstrated that 
surfactants can modify both the mobile and stationary phases. Three types of the 
modification of TLC with the use of surfactants can be distinguished: 
a) Modification of mobile phase with aqueous-micellar solutions of surfactants 
(micellarTLC). 
b) Modification of the mobile phase with molecular solutions of ionic surfactants 
(ion-pair TLC). 
c) Direct modification of only the stationary phase. 
In continuation of our previous work on developing environmentally friendly eluents for 
thin layer chromatography using aqueous solutions of surfactants for the analysis of 
various class of compounds [28, 29], TLC of amino acids has been performed on 
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Liiiimpregnated silica gel and silica gel impregnated with aqueous solution of cationic, 
anionic or non-ionic surfactant at concentration level below CMC. Because the 
concentration of surfactant ions in the solution is lower than CMC, surfactant ions act as 
hydrophobic counterions. Surfactants of all three types were used to study the effect of 
charge of surfactant on impregnation and in mobile phase. The traditional usage of 
organic solvent as mobile phase is not used here, which permits to classify the present 
method as "green*. During the course of study, on-plate resolution of phenylalanine from 
tyrosine is achieved. Separation of phenylalanine from tyrosine is important because of 
the close resemblance of these two amino acids. Both phenylalanine and tyrosine are 
aromatic amino acids (structural similarities), have very close pi values 5.5 and 5.7 
respectively (chemical similarity), and are partly ketogenic and partly glucogenic 
(physiological similarity). Also worth mentioning is the fact that the need for 
phenylalanine becomes minimal in the body if adequate amount of tyrosine is supplied in 
the food. This is called the sparing action of tyrosine on the phenylalanine. 
4.2. EXPERIMENTAL 
All experiments were performed at 30 ± T'C 
Apparatus 
A thin layer chromatographic applicator (Toshniwal, India) was used for coating silica 
gel on 20 cm x 3 cm glass plates. The chromatography was performed in 24 cm x 6 cm 
glass jars. Tripetle (Werthlin, Germany) was used for spotting of analyte. A glass sprayer 
was used to spray reagents on the plates to locate the position of spot of analyte. 
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Chemicals and Reagents 
Silica gel 'G' and silica gel HPTLC plates, acetone, ninhydrin (Merck), amino acids 
(leucine, isoleucine, valine, proline, glutamic acid, serine, alanine, tyrosine, histidine. 
lysine and phenylalanine) and surfactants (sodium cholate, cetrimide and Brij-35) (CDH, 
India) were used. All reagents were of analytical reagent grade. 
• 1% (w/v) aqueous solution of amino acids, prepared in double distilled water, were 
used as test solution. 
• 0.3% (w/v) ninhydrin solution in acetone was used to detect all the amino acids. 
Mobile Phase 
Following aqueous solutions of surfactants were used as mobile phase 
Code Composition 
Ml Aqueous solution of cetrimide (below CMC) 
M? Aqueous solution of sodium cholate (below CMC) 
M3 Aqueous solution of Brij-35 (below CMC) 
Stationary Phase 
Code Composition 
S| Pure silica gel 
52 Silica gel impregnated with cetrimide (below CMC) 
53 Silica gel impregnated with NaC (below CMC) 
54 Silica gel impregnated with Brij-35 (below CMC) 
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Preparation of TLC Plates 
a) Plain TLC Plates 
Silica gel -G' (20 g) was homogenized with 60 niL double distilled water by constant 
shaking for 5 minute and the resulting slurry was coated immediately onto 20 cm x 3 cm 
glass plates as 0.25 mm thick layer by means of a TLC applicator (Toshniwal, India). The 
plates were dried at room temperature. Alter drying, the plates were activated by heating 
at 100 ± 1 T for Ih in an electrically controlled oven. After activation, the plates were 
cooled to room temperature and then stored in a closed chamber (30"C) before use. 
b) Impregnated TLC Plates 
Ihe activated silica gel plates were impregnated with cationic (cetrimide), anionic (NaC) 
and non-ionic surfactant {Brij-35) by developing these plates in aqueous solution (below 
CMC) of impregnant, followed by drying of the plates at 100 "C in an electrically 
controlled oven for 1 h. 
Procedure 
Same as chapter 2 
Separation 
I'or mutual separation, equal volumes (I mL each) of phenylalanine and tyrosine were 
mixed and 0.050 \i\ of the resultant mixture was loaded on silica gel plate impregnated 
with Brij-35 (below CMC. S4). The plates were developed with aqueous solution of 
cetrimide (M|) as mobile phase, the spots were detected with ninhydrin and the Ri- values 
of the separated amino acids were determined. 
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Validation Parameters 
The stability of the colour intensity of amino acid spots on the chromatogram was 
observed visually. The developed chroinatoplates were protected from light and the spot 
intensities were compared after every 12 h for a period of 100 h. 
To investigate the stability (ageing effect) of mixture of amino acids under study, the 
mixture was chromatographed as described earlier after every 24 h for the duration of 10 
days. The R| values of amino acids so obtained after every 24 h interval were compared 
with the values obtained from the freshly prepared mixture of amino acids. 
Ihe reproducibility of R| values was checked by determining the R| of the same sample 
by three different analysts and by the same analyst on different days under identical 
experimental conditions in the same laboratory, using same apparatus. 
Chromatographic Parameters 
Various other chromatographic parameters such as ARr. separation factor (a) and 
resolution (Rs) were calculated using the following equations: 
£IRF= RpCphen^rlalanine) -RF(tyrosiner) 
., K(phenjd alanine) 
K(tyrosone) 
Where 
[ 1 - RF (phenyl al anine) ] 
K(phenjd alanine) = — 
RF (phenylalanine) 
and 
[l-Rj(tyrosine)] 
K(tyrosme) = 
RF(tyrosine) 
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''' 0.5 [d(phe)+d:Tyr)] 
1. is the migration distance of mobile phase, d(phe) and d(tyr) were the spot diameters of 
phenylalanine and tyrosine. 
Limit of Detection 
fhe limits of detection of phenylalanine and tyrosine were determined by spotting 
different amounts of these amino acids on the S4 TLC plates and developing with M| 
mobile phase and detecting the corresponding spots, fhe method was repeated with 
successively decreasing amounts of phenylalanine and tyrosine until no spot was 
detected. The minimum detectable amounts of these amino acids were taken as limit of 
detection. 
4.3. RESULTS AND DISCUSSION 
fhe results of this study have been summarized in Table 4.1 and Figures 4.1-4.2. The 
mobilities of amino acids were examined using (a) S| - M1.3 (b) S2 - M1.3 (c) S3 - M1.3 
and (d) S4 - M1.3 systems. The interesting features of this study are: 
a) Surface modification of silica gel obtained by surfing of it with differently charged 
surfactants to exploit the ability of chemical transformation of silanol groups (Si-
OH) of silica gel. 
b) Absence of corrosive, volatile and toxic organic chemicals in mobile phase thus 
making the TLC study 'Green*. 
c) The changes brought about by the impregnation of silica gel layers with surfactants 
have been examined by fourier transform infrared spectroscopy (FTIR) and 
scanning electron microscopy (SHM). 
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Ihe interaction of BriJ-35 with silica surface can be explained with the help of FTIR 
analysis. The FTIR spectra of pure silica and surfactant modified silica is shown in (Fig. 
4.1a and 4.1b). The band between 3700 and 3200 cm ' is attributed to Si-OH stretching 
(silanol group), diminishes after adsorption with Brji-35 indicating the hydrogen bond 
formation between hydroxyl group of silica and Brij-35. The strong absorption band at 
1135 cm' assigned for siloxane (Si-O) also diminishes after impregnation. The IR 
analysis results suggest that Brij-35 on silica gel is held by chemical activation or 
chemisorption, probably indicating Brii-35 - silica gel complexation. 
SHM images of pure silica gel and 0.1% Brij-35 impregnated silica gel was 
compared (Fig. 4.2a and 4.2b). Plain silica gel particles displayed a nearly 
smooth surface whereas 0.1% Brij-35 impregnated silica gel particles were 
cylindrical in shape. 
d) Mutual separation of phenylalanine from tyrosine from their mixture under various 
experimental conditions. 
e) Study of various chromatographic parameters. 
0 Application of proposed chromatographic system. 
When unimpregnated silica gel was used to examine the mobility trend of amino acids 
with aqueous solution of cationic (M|). anionic (M2) and nonionic (M3) surfactants, all 
amino acids migrate with the mobile phase showing R| in the range of 0.90-1.00. With 
such a high mobility no important separation seems achievable. In order to examine the 
effect of surfactants in the stationary phase on the mobility sequence of amino acids, 
silica gel was impregnated with aqueous solutions of cetrimide, sodium chelate and Brij-
35 at concentration levels below their CMC values and the resultant phases S2, S3, and S4 
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respectively were used as stationary phase. Following results were obtained from this 
study; 
a) S2 — M/.j System: Charge of surfactant ions in the mobile phase has no/minimal 
impact on the mobility pattern of amino acids after impregnation of silica gel by cationic 
surfactant. This is because; silanolic sites of silica gel will be occupied by the 
quaternerised nitrogen resulting in the neutralization of negative charge. 
H)0 HO-Si-0-SiJD-Si 
\ H . 0 ' \ \ » ^ \ . ^ 
b) S_rM/._i System: Chromatographic behaviour of leucine, norleucine, glutamic acid, 
serine, alanine, histidine and lysine remains unaffected by the change in the nature of 
mobile phase on S3 stationary phase. Proline shows enhanced mobility in S.rMi TLC 
systems as compared to S3-M2 or S3-M3 system. Presence of phenyl group in tyrosine and 
phenylalanine may be responsible to bring slight change in the Rj value with S3-M2 
system. 
c) S4-M1.3 System: All amino acids irrespective of charge polarity show almost similar 
pattern on S4 stationary phase using M1-M3 as eluents. 
On the basis of above results, silica gel impregnated with aqueous solution of Brij-35 (S4) 
in combination with aqueous solution of cetrimide (M|) was found most suitable for the 
mutual separation of phenylalanine from tyrosine. When the mixture of phenylalanine 
and tyrosine was chromatographed with this most favourable TLC system, tyrosine 
moved upto the top of the plate (Ri = 0.96) leaving phenylalanine in the middle (Ri = 
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0.70) on TLC plate. Thus, phenylalanine was successfully separated from tyrosine. This 
separation can be labelled as "green' because the traditional usage of organic solvents as 
eluent has been avoided. 
Separation Mechanism 
The binding mechanism of phenylalanine and tyrosine on surfactant modified silica gel 
can be proposed as follows: 
Hydrophobic interaction 
.) 
l^ ^ l^ Hvdrogen binding 
^ \ ' O 
" ' \ L H. 
H O 
H 
O 
O 
Si 
Si 
O 
where X is H and OH for phenylalanine and tyrosine, respectively. 
The difference in the structures of phenylalanine and tyrosine due to the presence of 
hydroxyl group in the latter is playing major role in the differential adsorption behaviour 
of these two amino acids. 
The hydroxyl group attached on the benzene ring in case of tyrosine binds with the 
cetrimide via hydrogen bond and migrates with the mobile phase resulting in higher R| 
value (0.96) as shown below: 
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R- Oil + ^N (CH3)3 - M -> R- HO ^N (CH3h -M 
where R and M are rest of the molecules of tyrosine and cetrimide respectively. 
Ihe hydrophobic nature of phenylalanine is greater than tyrosine as a result of which 
phenylalanine interacts with the surface of silica through hydrophobic-hydrophobic 
interaction resulting in lower mobility of phenylalanine as compared to tyrosine. 
Effect of Concentration of Cetrimide in Mobile Phase 
When mi.xture of phenylalanine and tyrosine was chromatographed on S4 separation 
using increased concentration of cetrimide (0.1-5%) in mobile phase, separation of 
phenylalanine from tyrosine was achieved with 0.1% cetrimide. As the concentration of 
cetrimide exceeds to 0.1% the mobility of phenylalanine increased and becomes equal to 
that of tyrosine at /above 1% cetrimide. 
Effect of Concentration ofBrij-35 in Stationary Phase 
No change in the mobility of phenylalanine and tyrosine was observed when 
chromatographed on silica gel TLC plates were impregnated with 1-5% of aqueous 
solutions of Brii-35. 
Effect of Bed Height 
To observe this effect, bed height was decreased from 15 cm to 10 cm and the mixture of 
phenylalanine and tyrosine was chromatographed using same TLC system (S4 - M|). 
Decrease in the bed height resulted in the loss of separation because upto 10 cm height 
both these amino acid have almost equal mobility. 
Limit of Detection 
The limit of detection for phenylalanine and tyrosine was found to be 0.25 and 0.23 ^g 
respectively. 
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Chromatographic Parameters 
The values obtained for various chromatographic parameters ARi- (0.26), a = 10.5 and Rs 
(3.047) are indicative of well resolved spots. 
4.4. APPLICATION 
Separation of phenylalanine (R|. = 0.68) from tyrosine (Rr = 0.94) was also achievable 
on HPTLC plates (5 cm) with this TLC system showing its applicability. 
4.5. CONCLUSION 
It can be concluded from the above presented work that thin layer chromatographic 
system comprising of silica gel impregnated with Brij-35 (below CMC) as stationary 
phase and cationic surfactant, cetrimide solution (below CMC) as an eluent could be 
employed for the resolution of phenyalanine from tyrosine. Another important conclusion 
of this study was that green eluents like surfactants could be used further in separation 
.science and thus making the process more environmentally and benign. 
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Table 4.1. Mobility (in terms of R|) of amino acids on stationary phases (S2-S4) with 
mobile phase (M1-IVI3) 
Amino acids 
l.ciicine 
Norleucine 
Proline 
Glutamic acid 
Serine 
Alanine 
Tyrosine 
Ilistidine 
Lysine 
Phenylalanine 
M, 
0.82 
0.71 
0.77 
0.96 
0.93 
0.96 
0.94 
0.92 
0.91 
0.80 
S2 
IVI2 
0.80 
0.75 
0.76 
0.96 
0.92 
0.94 
0.94 
0.94 
0.94 
0.85 
M3 
0.84 
0.77 
0.74 
0.95 
0.96 
0.96 
0.95 
0.90 
0.92 
0.82 
R 
M, 
0.84 
0.77 
0.84 
0.95 
0.91 
0.90 
0.94 
0.93 
0.92 
0.77 
i. Values 
S3 
M2 
0.82 
0.80 
0.75 
0.95 
0.95 
0.96 
0.87 
0.97 
0.96 
0.96 
M3 
0.83 
0.77 
0.76 
0.92 
0.96 
0.96 
0.97 
0.95 
0.96 
0.82 
M, 
0.79 
0.77 
0.80 
0.95 
0.97 
0.95 
0.96 
0.88 
0.96 
0.74 
S4 
!Vl2 
0.74 
0.81 
0.81 
0.94 
0.95 
0.95 
0.93 
0.89 
0.95 
0.78 
Mi 
0.81 
0.79 
0.77 
0.96 
0.95 
0.90 
0.94 
0.88 
0.95 
0.75 
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Fig. 4.1: FTIR Spectra of (a) Plain silica gel and (b) Silica gel impregnated with 
0.1%Brij-35. 
Fig. 4.2: SEM Images (3500X) of (a) Plain silica gel and (b) Silica gel impregnated 
with 0.1% Brij-35. 
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CJ{JATTTn-5 
Vse ofCurBofiydrates as ^ fuent in 
TMn Layer Cftromatograpfiic 
Separation of Amino ^ cids on 
ConventionaCStationary (PHases 
5.1 INTRODUCTION 
Because of biological and physiological importance of amino acids, several analytical 
technique such as high performance liquid chromatography [1], gas chromatography [2|, 
thin layer chromatography [3], cyclic voltametry [4], electrophoresis [5], viscometric [6] 
and micellar electrokinetic chromatography [7J. have been used for their analysis. Among 
chromatographic techniques, thin layer chromatography (TLC) has been the most popular 
for routine analysis of amino acids because of several attractive features such as wider 
choice of mobile and stationary phases, flexibility in sample detection, the open and 
disposal nature of thin layer chromatographic plates, low solvent consumption, minimal 
sample clean up. reasonable resolution power and the ability to handle large number of 
samples simultaneously. 
The extensive survey of literature of last twenty years on TLC of amino acids reveals that 
most of the studies performed so far include the use of eluents belonging to the following 
main groups [8-28] 
1. Organic solvents (urea, carboxylic acids, alcohols, ketones, dimethyl sulphoxide. 
ethyl acetate, heptanes, chloroform, pyridine, benzene, toluene , xylene, carbon 
tetrachloride, methylene dichloride and their mixture). 
2. inorganic solvents (aqueous solvents of Li. Na. K. Rb and Cs .salts). 
3. Mixed aqueous-organic solvents (alcohols, ketones, acetonitrile. chloroform, 
and/or pyridine mixed with water, acetate buffer and carboxylic and mineral 
acids). 
4. Chiral .solvents (« or /^  - cyclodextrin and ethyl (s) - (+) - lactate). 
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5. Surfactant mediated solvents (aqueous solutions of (2- ethyl hexyl) sodium, 
sulfosuccinate, sodium dodecyl sulphonate and N- cetyl N,N, N-tri methyl 
ammonium bromide and their microemulsions). 
Of the above eluents, organic and mixed aqueous-organic solvent systems have been 
found most useful for the separation of amino acids. However, the toxic nature of most of 
the solvents imposes a restriction on their frequent use. Though inorganic solvent systems 
are not as toxic as organic solvent systems but they are not capable to resolve the 
multicomponent mixtures of amino acids. Surfactant mediated solvent systems are quite 
complex and hence the interpretation of the chromatographic behavior of analyte 
becomes difficult. To the best of our knowledge, so far there have been only two studies 
[29. 30] with carbohydrates other than cyclodexdextrin as a component of mobile phase. 
It was, therefore, worthwhile felt to study the chromatographic behavior of amino acids 
through differentially charged surfaces of alumina, silica gel and cellulose using aqueous 
solutions of carbohydrates as eluents. The major advantage of these eluents is that they 
are non-toxic and ecofriendly and also worth mentioning is the simplicity of these 
systems (monocomponent nature). Another reason for selecting these carbohydrates as 
mobile phase was the physiologically important interaction of amino acids and sugars (in 
the formation of glycoproteins) and formation of amino acid-sugar adducts [31 J. 
Based on the differential migration, we have obtained some important separations of 
amino acids on silica gel and alumina with 40% dextrose as eluent in addition to the 
selective separation of glutamic acid and tryptophan from other amino acids on alumina 
and cellulose stationary phase respectively with fructose as mobile phase. 
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5.2 MATERIALS AND METHODS 
Experimental 
Ail experiments were performed at 30 ± 1 °C. 
Apparatus 
A thin layer chromatographic applicator (Toshniwal. India), 20cm x 3cm glass plates and 
24cm X 6cm glass jars were used for the development of chromatographic plates. A glass 
sprayer was used to spray reagent on the plate to detect the spot. Tripette (Werthlim. 
Germany) was used for spotting of analyte. 
Chemicals and Reagents 
Silica gel ' G \ alumina (neutral) "G". cellulose ' G \ N-cetyl N,N,N-trimethyl 
ammoniumbromide (CTAB). potassium nitrate, cadmium nitrate, aluminium nitrate and 
amino acids (CDH. India), maltose, fructose, sucrose, dextrose, lactose propanol, acetone, 
and acetonilrile (Merck, India) were used. 
Test Solutions 
The lest solutions (1% w/v) of all the amino acids under study were prepared by 
dissolving appropriate weight (0.1 g) in double distilled water (10 mL). 
Detector 
Amino acids were detected using 0.3 %( w/v) ninhydrin solution prepared in acetone. 
Stationary Phases 
fhe stationary phases investigated were S| (cellulose 'G'), S2 (alumina 'G') and S.i (.silica 
gel -G"). 
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Amino Acids Studied 
Amino acids Mol. 
wt. 
Extra ionizable 
group present 
pK, of 
a-COO-
group 
pK2 0f 
a-NHj-
group 
pKj of extra 
ionizable 
group 
pl 
Non-Polar Amino Acids 
Leucine(Al) 
Norleucine (A2) 
Isoleucine(A3) 
Valine(A4) 
Prolinc(A5) 
Alanine(A6) 
Tryptophan (A7) 
Methionine(A8) 
131 
131 
131 
117 
115 
85 
204 
149 
Pyrollidine 
Indole group 
Thioether group 
2.4 
2.4 
2.4 
2.3 
2.0 
2.3 
2.4 
2.3 
9.6 
9.6 
9.7 
9.6 
10.6 
9.7 
9.4 
9.2 
6.0 
6.0 
6.1 
6.0 
6.3 
6.0 
5.9 
5.8 
Polar Uncharged 
Sciine(A9) 
Tyrosine (A 10) 
Hydroxyl group 
Phenol 
2.2 
2.2 
9.2 
9.1 lO.l 
5.7 
5.7 
Acidic 
Glutamic Acid 
(All) 
y-carboxyl group 2.2 9.6 4.3 5.9 
Mobile Phases 
40% aqueous solutions of carbohydrates viz; dextrose, fructose, maltose, sucrose and 
lactose and 1:1 v/v mixtures with aqueous solution of surfactant, aqueous solutions of 
metal salts and organic solvents were used to investigate the mobility trend of amino 
acids. 
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S. No. 
1 
2 
' > J 
4 
Mobile phase 
Aqueous carbohydrates 
solution 
Mixed aqueous carboiiydrates-
metal electrolyte solution 
Mixed aqueous carbohydrates-
organic solution (1:1) 
Mixed aqueous carbohydrates-
surfactant solution 
Composition 
40% aqueous solutions of dextrose (Mi), 
fructose (Mj), sucrose (M3), maltose 
(M4) and lactose (M,s) 
Ml + 5% KN03(M6) , Ml + 5% CdNO;, 
(M7). Ml + 5% KAl2N03(Mi,) 
M| + propanol. Mi + acetone. Mi + 
acetonitrile 
Ml +CTAB 
Preparation of TLC Plates 
A I'LC applicator (Toshniwal, India) was used to coat 20 cm x 3 cm glass plates with the 
stationary phases. The desired stationary phase (20 g) was homogenized with 60 mL 
double distilled water by constant shaking for 5 niin and the resulting slurry was coated 
immediately onto 20 cm x 3 cm glass plates as a 0.25mm layer by means of a TLC 
applicator. The plates were dried at room temperature. After drying, the plates were 
activated by heating at 100 ± I'C for Ih in an electrically controlled oven. After 
activation, the plates were cooled to room temperature and then stored in a closed 
chamber (30*C) before use. 
Procedure 
Same as in chapter 2 
For the mutual separation of closely related amino acids, equal volumes of amino acids to 
be separated were mixed and 0.050 l^ of the resultant mixture was loaded on TLC plates. 
144 
The plates were developed to 10cm height with 40% aqueous dextrose solution (M|). the 
spots were detected and the Ri values of the separated amino acids were determined. 
Limit of Detection 
The limit of detection of glutamic acid and tryptophan was determined by spotting 
different amounts of these amino acids on the TLC plates coated with alumina (S2) and 
and cellulose "G" (Si), developing the plates with M2 mobile phase and detecting the 
corresponding spots. The method was repeated with successively decreasing amounts of 
tryptophan and glutamic acid until no spot was detected. The minimum detectable 
amounts of amino acids were taken as limit of detection. 
Chromatographic Parameters 
The stability of the colour intensity of amino acid spots on the chromatogram was 
observed visually. The developed chromatoplates were protected from light and the spot 
intensities were compared after every 12h for a period of lOOh. 
To investigate the stability (ageing effect) of mixture of amino acids under study, the 
mixture was chromatographed using M| - S^  system after every 24h for the duration of 
10 days. The Ri values of amino acids so obtained after every 24h interval were 
compared with the values obtained from the freshly prepared mixture of amino acids. 
The reproducibility of Ri values was checked by determining the Ri of the same sample 
by three independent analysts and by the same analyst on different days under identical 
experimental conditions, in the same laboratory, using the same apparatus. 
5.3 RESULTS AND DISCUSSION 
In this study, 5-50% aqueous solutions of five carbohydrates namely dextrose, fructose, 
sucrose, maltose and lactose were used as mobile phases and three differentially charged 
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surfaces viz; alumina G (neutral and inorganic surface).silica gel G (acidic and inorganic 
surface) and cellulose (neutral and organic surface) were used to observe the mobility 
trend of amino acids. Mobility (Ri) of all amino acids studied with 5-35% solution of 
carbohydrates was in the range of 0.94-1.00. So, these eluents were not useful for 
chromatographic studies. Similarly, eluents with carbohydrate concentration greater than 
40% were found not useful for separation because there was very slight change in the Ri 
of amino acids. So, 40% aqueous solution of these carbohydrates was selected for 
chromatography. The results obtained for the mobility of amino acids on SI-S3 stationary 
phases are presented in Tables 5.1-5.3. 
On neutral and organic cellulose stationary phase (S|). all amino acids, irrespective of 
polarity/charge, due to lack of ionic interaction with the stationary phase, show Ri in the 
range of 0.85-1.00 except tryptophan and tyrosine (Table 5.1). Tyrosine has slightly 
lower Ri than other amino acids. Amongst all amino acids, tryptophan shows lower Ri 
(0.50-0.75) with all eluents. This may be due to the formation of sugar-tryptophan adduct 
131]. 
l-rom Tabic 5.2. it is clear that all non-polar amino acids except methionine and 
tryptophan show Ri in the range of 0.50- 0.65 on alumina (82). All polar amino acids are 
strongly adsorbed and show lower Ri as compared to non-polar amino acids. This may be 
due to the interaction of polar group of these amino acids with alumina which has got 
high adsorption efficiency. Tryptophan, due to the reason stated above is showing still 
Ics.scr mobility. Methionine with thioethcr linkage in its molecule interacts with alumina 
showing less mobility. Table 5.3 shows the mobility of amino acids on silica gel (S3) 
stationary phase. 
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From the results presented in Table 5.3. it is clear that all non -polar amino acids except 
alanine show Ri in the range of 0.60-0.85 on silica gel 'G' (S3) stationary phase. Alanine 
shows slightly higher Ri (0.81-0.98). This behavior of alanine may be attributed to the 
absence of any extra ionizable group in its structure. All polar amino acids have higher 
mobility as compared to nonpolar amino acids. The comparative mobility pattern of all 
amino acids examined with M| and M2 mobile phases on all stationary phases S1-S3 has 
been presented in Figures 5.1 and 5.2. From these figures, it is clear that amino acids are 
more .strongly adsorbed on alumina compared to other stationary phases. This is due to 
the fact that the most important interaction affecting sample retention on the surface of 
the stationary phase in planar chromatography is the hydrogen bonding [32] and mean 
hydroxyl group density of alumina is about ]3|a,mol/m2 [33] whereas mean hydroxyl 
group density of silica gel is about 08^mol/nr [34]. 
Because the mobility of glutamic acid on S2 and tryptophan on S| stationary phase is 
quite different from all other amino acids under study when M2 was used as eluent, S2-M2 
and S1-M2 TLC systems were identified as the most favorable TLC system for selective 
separation of glutamic acid and tryptophan from the complex mixture containing amino 
acids of different nature. When the mixture of glutamic acid and other amino acids under 
study were chromatographed with S2-M2 ILC system, other amino acids moved from the 
origin (point of application) to the middle of the plate(Ri= 0.56) leaving glutamic acid 
near the origin(Ri^0.26).Thus, glutamic acid was selectively separated from other amino 
acids, it seems that amino acids exists as ion- pairs, i.e., in a molecular form during the 
separation process. Similarly, tryptophan was selectively separated from other amino 
acids on S1-M2 TLC system. But here tryptophan moved up to the middle of the plate 
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(Ri=0.54) while mixture of all amino acids moved up to the top of the plate (Ri=0.82) 
with the eiuent. As a result of the differential migration of amino acids on S1-S3 layers 
with M| and M2 eluents, various combinations of amino acids were resolved from their 
complex mixtures. The experimentally achieved separations of amino acids belonging to 
the same group or different groups have been summarized in Table 5.4. 
The lowest possible detectable amounts of tryptophan and glutamic acid with S1-M2 and 
S2-M2 TLC systems were 0.15|ig and 0.20 (ig/spot, respectively. 
Stability is an important and essential aspect of validation in thin layer chromatographic 
analysis. Highly sensitive samples should not decompose during development of the 
chromatogram and should be stable in solution and on the adsorbent. The intensity of 
spots on the chromatogram should be constant at least for Ih. No significant change in 
the intensities of the spots was observed after storage of developed plates, protected from 
light for periods up to 72h, indicating good stability of the mixture on the adsorbent. 
Because no change in the Ri values of the spots was observed when Rr values of spots 
obtained from the freshly prepared solutions were compared with those obtained on 30 
consecutive days, it was concluded that the solutions were sufficiently stable. 
Another important property of the method is its reproducibility, defined as the precision 
under different conditions, for example when the method was performed by different 
analysts and by the same analyst on different days. The variation in Ri values of 
individual amino acids measured by three different analysts and by the same analyst on 
three different days did not differ by more than 0.15 (±15%) from the average Ri value 
indicating a good reproducibility. 
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Effect of Surfactant in the Mobile Phase 
Surfactant was found to have a positive elfect on the mobihty of amino acids when 
present in mobile phase. CTAB enhanced the mobihty of all amino acids by 1.5-11% 
135J. 
Effect of Metals 
No significant effect on the mobility of amino acids was observed with any of the metal 
solution in the mobile phase. 
Effect of Organic A dditives 
Organic additives increased the mobility of all amino acids up to 10%. This may be due 
to the increased solubility of amino acids in organic solutions. 
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Table 5.1: Mobility of amino acids on cellulose (Si) TLC plates with aqueous 
solution of carbohydrates as mobile phase 
Mobile phase —> 
Amino acids I 
Leucine 
Norleucine 
Isoleucine 
Valine 
Proline 
Glutamic acid 
Serine 
Alanine 
7'ryptophan 
Methionine 
Tyrosine 
40% 
dextrose 
0.95 
0.93 
0.95 
0.96 
0.93 
0.92 
0.92 
0.92 
0.68 
0.92 
0.88 
40% 
fructose 
0.93 
0.92 
0.93 
0.97 
0.94 
0.88 
0.91 
0.94 
0.52 
0.95 
0.76 
40% 
sucrose 
0.87 
0.95 
0.94 
0.96 
0.87 
0.93 
0.83 
0.89 
0.72 
0.91 
0.83 
40% 
lactose 
0.95 
0.95 
0.93 
0.95 
0.90 
0.93 
0.92 
0.91 
0.75 
0.94 
0.84 
40% 
maltose 
0.93 
0.95 
0.95 
0.96 
0.92 
0.89 
0.92 
0.93 
0.76 
0.94 
0.80 
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Table 5.2: Mobility of amino acids (a) on alumina (S2) TLC plates with aqueous 
solution carbohydrates as mobile phase 
Mobile phase —» 
Amino acids J. 
Leucine 
Norleucine 
Isolcucine 
Valine 
Proline 
Glutamic acid 
Serine 
Alanine 
Tryptophan 
Methionine 
Tyrosine 
40% 
dextrose 
0.64 
0.65 
0.70 
0.85 
0.65 
0.98 
0.96 
0.98 
0.84 
0.76 
0.93 
40% 
fructose 
0.67 
0.67 
0.67 
0.78 
0.69 
0.97 
0.86 
0.87 
0.84 
0.80 
0.96 
40% 
sucrose 
0.69 
0.62 
0.65 
0.83 
0.67 
0.87 
0.78 
0.81 
0.79 
0.76 
0.71 
40% 
lactose 
0.69 
0.70 
0.70 
0.75 
0.73 
0.95 
0.97 
0.82 
0.86 
0.79 
0.92 
40% 
maltose 
0.81 
0.78 
0.71 
0.85 
0.73 
0.85 
0.73 
0.81 
0.84 
0.80 
0.85 
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Table 5.3: Mobility of amino acids on silica gel (S3) TLC plates with aqueous 
solution of carbohydrates as mobile phase 
Mobile phase -^ 
Amino acids I 
Leucine 
Norleucine 
Isoleucine 
Valine 
Proline 
Glutamic acid 
Serine 
Alanine 
Tryptophan 
Methionine 
Tyrosine 
40% 
dextrose 
0.64 
0.65 
0.70 
0.85 
0.65 
0.98 
0.96 
0.98 
0.84 
0.76 
0.93 
40% 
fructose 
0.67 
0.67 
0.67 
0.78 
0.69 
0.97 
0.86 
0.87 
0.84 
0.80 
0.96 
40% 
sucrose 
0.69 
0.62 
0.65 
0.83 
0.67 
0.87 
0.78 
0.81 
0.79 
0.76 
0.71 
40% 
lactose 
0.69 
0.70 
0.70 
0.75 
0.73 
0.95 
0.97 
0.82 
0.86 
0.79 
0.92 
40% 
maltose 
0.81 
0.78 
0.71 
0.85 
0.73 
0.85 
0.73 
0.81 
0.84 
0.80 
0.85 
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Table 5.4: Separations of amino acids experimentally achieved 
S.P 
Si lien gel 
Siliea gel 
Silica gel 
Alumina 
Alumina 
M.P 
40% 
dextrose 
40% 
dextrose 
40% 
dextrose 
40% 
fructose 
40% 
dextrose 
Amino acids separated 
Valine (0.83)- leucine (0.63). valine (0.84)-
norleucine (0.67), valine(0.84)- isoleucine (0.71) 
Alanine (0.95) - proline (0.65), alanine (0.95) -
leucine (0.67) alanine (0.95) - norleucine (0.66), 
alanine (0.93) - isoleucine (0.65), alanine (0.96) -
valine (0.84), alanine (0.95) - methionine (0.77) 
Glutamic acid (0.98) - leucine (0.65), glutamic acid 
(0.96) - norleucine (0.66). glutamic acid (0.97) -
isoleucine (0.72), glutamic acid (0.97) - valine (0.85), 
glutamic acid (0.95) - methionine (0.76) glutamic 
acid (0.97)-pro l ine (0.66) 
Serine (0.94) - proline (0.68). tyrosine (0.93) -
proline (0.65), serine (0.93) - leucine (0.67), serine 
(0.95) - norleucine (0.65). serine (0.93) - isoleucine 
(0.72). serine (0.94) - valine (0.80) - serine (0.93) -
methionine (0.76) 
Glutamic acid (0.98) - other amino acids (0.56) 
Leucine (0.54) - tryptophan (0.25), leucine (0.55) -
tyrosine (0.33). leucine (0.58) - serine (0.27), 
norleucine (0.55) - serine (0.28), isoleucine (0.50) -
serine (0.28), valine (0.60) - serine (0.30), valine 
(0.55) - tyrosine (0.35), isoleucine (0.57) - tyrosine 
(0,32), norleucine (0.55) - tyrosine (0.36), valine 
(0.58) - tryptophan (0.26), isoleucine (0.61) -
Remarks 
Intra group 
separation of 
non polar 
amino acids 
Inter group 
separation of 
acidic amino 
acids trom non 
polar amino 
acids 
Inter group 
separation of 
non polar 
amino acids 
from polar 
amino acids 
Selective 
separation oi' 
glutamic acid 
from other 
amino acids 
Inter group 
separation of 
non polar 
amino acids 
from polar 
amino acids 
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Cellulose 
Alumina 
40% 
fructose 
40% 
dextrose 
tryptophan (0.23). norleiicinc (0.56) - tryptophan 
(0.25) 
Tryptophan (0.54) - other amino acids (0.82) 
Leucine (0.58) - methionine (0.34), norleucine (0.55) 
- methionine (0.35), isoleucine (0.59) - methionine 
(0.37), valine (0.59) - methionine (0.39) 
Selective 
separation oi" 
tryptophan 
from other 
amino acids 
Inter group 
separation of" 
acidic amino 
acids from non 
polar 
hydrophobic 
amino acids 
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Ri 
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Fig. 5.1: Comparative mobility of amino acids on S1-S3 stationary phases with Mi 
mobile phase. 
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Fig. 5.2: Comparative mobility of amino acids on S|-Sj stationary phases with IVI2 
mobile phase. 
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6.1 INTRODUCTION 
Cationic surfactants are used widely in industrial commodities including textile softenei 
pharmaceuticals, disinfectant, and human hair cosmetics. On the other hand, non-ionic 
surfactants being mild detergents have interesting applications in cosmetic products and 
in microemulsion systems. The capability of these surfactants to solubilise proteins from 
cells or membranes without destroying the tertiary structure has led to their applications 
in biochemical research. Surfactants based on sugar residues are currently enjoying 
popularity, both in biochemical applications and in industrial uses. 
Because of such widespread uses of surfactants, the analysis of surfactants has assumed 
importance. Practically in all above described uses of surfactants, the formulations are 
composed of mixtures of these surfactants. Thus, there is always a need of developing 
new methods and techniques for the separation of surfactants from their mixtures. 
Several analytical techniques such as ion-exchange fl-2], reversed or normal phase 
IIPI.C [3-6], indirect tensammetry [7], GC [8-12], capillary zone and capillary 
electrophoresis [13-16], micellar electro kinetic chromatography [17], foam 
chromatography [18] and thin layer chromatography (TLC) [ 20-26] have been used for 
identification and qualitative separation of surfactants. 
Keeping in view the many inherent advantages TLC provides such as wider choice of 
stationary and mobile phases, flexible detection procedures, ease of implementation and 
very economical, many workers have used TLC as the pilot technique for the analysis of 
surfactants. Silica gel [27-31] has been the most preferred stationary phase although 
alumina [32], keiselguhr [33], cellulose and other adsorbents [34-35] have been used less 
frequently for the analysis of surfactants. 
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Most workers have used either mixed organic or aqueous-organic solvent systems 
containing alcohol (methanol, ethanol or butanol) as one of the components [36-38] in the 
TLC analysis of surfactants. Acetone in combination with CHCI3 or aqueous NaOH 
(l.OM) has also been used [39]. HPTLC in combination with micro-surface enhanced 
Raman-scattering (micro-SERS) was used for the in-si/u study of the adsorption behavior 
of cetylpyridinium chloride on silica gel [40]. An interesting study of surfactants by TLC 
was done to establish the hydrophile-lipophile balance (HLB) values of brij and triton-X 
series [41 J. 
However, no work has been reported on the use of single component inorganic salt 
solution as mobile phase in the analysis of surfactants. Although the method of planar 
salting-out chromatography had been applied for the separation of organic and inorganic 
substances, for both neutral molecules and ions, to the best of our knowledge, 
investigations involving salting-in and salting-out effects on surfactants have not yet been 
attempted [42]. In this study, salting-out effect on DTAB has been examined using 
aqueous ammonium sulphate solution as eluent. It was found during the course of study 
that DTAB can be selectively separated from the mixture of cationic and non-ionic 
surfactants with a simple eluent (O.IM aqueous ammonium sulphate). The present study 
is advantageous because it protects scientists and chemists from the exposure of volatile 
and corrosive organic solvents during experimentation. 
6.2 EXPERIMENTAL 
All experiments were performed at 30 ± 2 "C 
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Apparatus 
A TLC applicator was used for coating stationary phases on 20 cm x 3.5 cm glass plates. 
The chromatography was performed in 24 cm x 6 cm glass jars. Test solutions (3 (iL) 
were applied by means of tripette (GMBH. Werthlim, Germany). A glass sprayer was 
used to spray reagent on the plates to locate the position of the spot of analyte. 
Chemicals and Reagents 
Silica gel "G" (Merck, India), keiselguhr G. alumina G, ammonium sulphate, bismuth 
subnitrate. ammonium thiosulphate, ammonium chloride, potassium iodide, copper 
sulphate, manganese sulphate, zinc sulphate (CDH, India), urea, ammonium nitrate, 
barium chloride, acetic acid (Merck, India), methanol, hydrogen peroxide (Qualigens, 
India) and Aligarh Muslim University (AMU) fort soil. 
Surfactants Studied 
Cetylpyridinium chloride (CPC), cetyltrimethyl ammonium bromide (CTAB), brij-35 
(B.I-35). brij-78 (BJ-78), brij-98 (BJ-98), cetypyridinium bromide (CPB), tween 20 (TW-
20). cwccn-20 (CW-20). cween-40 (CW-40), cween-60 (CW-60), tetradecyl trimethyl 
ammonium bromide (TTAB). hexadecyl trimethyl ammonium chloride (HTAC) and 
dodecyl trimethyl ammonium bromide (DTAB). 
Test Solutions 
fhe test solutions of the surfactants (0.5 % w/v) were prepared by dissolving appropriate 
weight (0.5 g) in methanol (10 mL). 
Detector 
Modified Dragendorff reagent was used to detect all surfactants. 
Preparation of Dragendorff Reagent 
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Modined DragendortT reagent prepared as described below was used to detect all the 
surfactants. DragendortT reagent is comprised of two solutions A and B. Solution A was 
prepared from the two solutions. 
i) Solution of bismuth subnitrate (BiON03. H2O, 1.7 g) dissolved in acetic acid (20 
mL) and diluted to 100 mL with water. 
ii) Solution of potassium iodide (65 g in 200 mL water). 
Both solutions were transferred into 1 L flask and acetic acid (200 mL) was added. The 
contents were diluted to 1 liter with double distilled water. 
Solution B was prepared by dissolving barium chloride dehydrate (BaCL. 2H2O, 89.290 
g) in one liter water. 
Solution A and B were mixed in the volume ration 2:1. 
Stationary Phases 
Composition 
Alumina G 
Soil 
Keiselguhr G 
Silica gel G 
Mobile Phase 
Symbol 
M, 
M2 
M3 
M4 
Ms 
Symbol 
Si 
S2 
S3 
S4 
Composition 
0.1 IVKNHjCONHj) 
1.0 M (NH2CONH2) 
0.1 M(NH4)2S04 
0.5 M (NH4)2S04 
l.0M(NH4)2SO4 
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M6 1.5 M(NH4)2S04 
My 2.0 M (NH4)2S04 
Ms 2.5 M (NH4)2S04 
My 3.0 M (NH4)2S04 
M,o O.IMNH4CI 
Ml, 0.1 MNH4S2O3 
M|2 0.1 MNH4NO3 
M,3 0.1 MZnS04 
M,4 0.1 M MnS04 
M,s 0.1 MCUSO4 
Chromatography 
a) Preparation of TLC Plates 
The desired stationary phase (20 g) was homogenized with 60 mL double distilled water 
by constant shaking for 5 min and the resulting slurry was coated immediately on to 20 
cm X 3.5 cm glass plates by means of a TLC applicator (Toshniwal, India) to produce a 
0.25 mm layer. The plates were dried at room temperature. After drying, soil TLC plates 
were kept in closed chamber (30"C). TLC plates of silica gel, alumina and keiselguhr 
were activated by heating at 100 ± 2"C for 1 h in an electrically controlled oven. After 
activation, the plates were cooled to room temperature and then stored in a closed 
chamber (30 "C) before use. 
b) Procedure 
Same as chapter 2. 
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After development the plate was withdrawn iVom glass jars and dried at room 
temperature followed by spraying with the DragendorlT reagent. All surfactants appeared 
as orange/red spot. 
For the selective separation, equal volumes (1 mL) of DTAB and other surfactants were 
mixed and 2.00 |al of the resultant mixture was loaded on S3 TLC plates. The plates were 
developed with the mobile phase M3. The spots of surfactants were detected and the R| 
values of separated surfactants were determined. 
For studying the effect of organic matter soil on the mobility of surfactants, organic 
matter was removed from the soil by adding 20 niL of hydrogen peroxide to about 20 gm 
soil taken in a beaker and left it overnight. After that soil was washed with double 
distilled water several times and left in an electrically controlled oven at 50"C for 24 h for 
drying. The soil so obtained was used in making soil TLC plates and chromatography 
was performed as in (b). 
To investigate the effect of different cations and anions on the mobility of surfactants, 
sulphate ion was substituted by chloride, thiosulphate and nitrate ions while ammonium 
ion was substituted by zinc, manganese and copper ions. The chromatographic studies 
were performed with Mm - M15 mobile phases. 
To study the effect of surfactant concentration on the separation efficiency, surfactant 
solutions of two different concentrations, one higher than 0.5 % i.e. 1% and one lower 
than 0.5 % i.e. 0.25 % were used for chromatographic studies with M3 - S3 systems. 
To establish the minimum and maximum amount of DTAB separable from mixture of 
surfactants, S3 TLC plates were spotted with increasing volume of the aliquot (0.5 % 
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surfactant) starting from 0.50 |al and going upto 3.5 |.il and chromatographic studies were 
performed with M3. 
The stability of the colour intensity of surfactants spots on the chromatogram was 
observed visually. The developed chromatoplates were protected from light and the spot 
intensities were compared after every 12 h for a period of 100 h. 
To investigate the stability (ageing effect) on the mixture of all surfactants under study, 
the mi.xture was chromatographed using M3 - S3 system after every 24 h for the duration 
of 10 days. The R|. values of separated spots (R| DTAB = 0.66 and the R|. others 0.09) so 
obtained after every 24 h were compared with the values obtained from the freshly 
prepared mixture. 
The reproducibility of R|. values was checked by determining the Ri of the same sample 
by three independent analysts and by the same analyst on different days under identical 
experimental conditions, in the same laboratory, using the same apparatus. 
6.3 RESULTS AND DISCUSSION 
In present study, aqueous solutions of urea (0.1 and l.OM) and ammonium sulphate (0.1. 
0.5. 1.0. 1.5. 2.0, 2.5. 3.0 M) solutions were used as eluents. The results show the 
following trends: 
a) Urea as Eluent 
When chromatographic studies were performed on S| - S4 surfactants showed strong 
adsorption towards all stationary phases and remained at the point of application in the 
form of highly compact spots. DTAB with M| - S3 TLC system showed tailed (R|. - Rr > 
0.3) spot starting from the origin (R| = 0.38). This tailing disappeared on using M2 as 
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elucnt instead of M| and DTAB appeared at the point of application in the form of a 
circular spot. 
h) Ammonium Sulphate as Eluenf 
When aqueous ammonium sulphate solutions (0.1 - 3.0 M) used as mobile phase, all 
surfactants except DTAB remained on the point of application on all stationary phases 
{S1-S4) with M3 (0.1 M ammonium sulphate). DTAB moved upto the middle of the TLC 
(Ri = 0.66) plate coated with Sv On further increasing the concentration of ammonium 
sulphate from 0.5 to 3.0 M (M4 - My) it was found that the mobility (R|.) of DTAB on S3 
decreases with the increase in ammonium sulphate concentration showing salting out 
effect (l"ig.6.1). The aforementioned finding is in accordance with the mechanism of 
hydrophobic interactions, since, as is known [43]. increasing the concentration of the salt 
in water increases the surface tension resulting in increased hydrophobic interaction of 
the surfactant with the solvent (greater complex repulsion) and the sorbent (greater 
complex attraction ). respectively. 
On considering the maximum mobility of DTAB on S;, with M3. a TLC system 
comprising S3 as stationary phase and M3 as mobile phase (i.e. S3 - M3) was identified as 
most favourable system for selective separation of DTAB (cationic surfactant) from their 
complex mixture containing nonionic (BJ-58. B.I -78 and BJ -98) as well as cationic 
(CPC. CTAB, CPB. TTAB and HTAC) surfactants. 
When mixture (containing DTAB and other surfactants under study) was 
chromatographed, DTAB moved from the origin (point of application) upto the middle of 
the plate (R|. = 0.66) leaving all other surfactants (Ri- =0.09). Thus, DTAB was 
successfully selectively separated from other surfactants. 
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During the studies, it was found that it was always possible to separate 0.5 to 7.5 |ig of 
D1AB from maximum amount of 7.5 ]xg of all other surfactants. 
Stability is an important and essential validation parameter in TLC analysis. Highly 
sensitive samples should not decompose during development of the chromatogram and 
should be stable in solution and on the adsorbent. The intensity of the spots on the 
chromatogram should be constant for at least 1 h. No significant change in the intensities 
of spots was observed after storage of developed plates, protected from light for periods 
upto 72 h indicating good stability of the mixture on the adsorbent. 
Since no change in the R| values of the separated spots were observed when R|. values of 
separated spots obtained from the freshly prepared mixture were compared with those 
obtained on 10 consecutive days, it was concluded that the mixture has sufficient 
stability. 
Another important parameter is the reproducibility, defined as the precision under 
different conditions such as different analy.sts and different days. The variation in R| 
values measured by 3 different analysts and by the same analyst on 3 different days did 
not differ by more than 0.15 (± 15 %) from the average R| value, indicating a good 
reproducibility. 
Effect of Organic Matter of Soil 
When soil, from which organic matter was removed, is used as stationary phase for the 
chromatography of surfactants, all surfactants showed same chromatographic behaviour 
as compared to that on soil with organic matter. So. it was concluded that in this 
combination of system (M3-S,i)soil organic matter is irrelevant. 
167 
Effect of Surfactant Concentration 
When 2.00 (JL of all surfactants of concentration 0.25 % (w/v) was spotted and 
chromatographed with S3 - M3 system, spots developed were either very light or not 
visible altogether and when same procedure was performed with 1 % (w/v) surfactant 
solutions, tailed spots were developed for all surfactants. So, it was concluded that 
surfactant solution of 0.5 % concentration was best suited for this study. 
Semi Quantitative Determination by Spot Area Measurement 
An attempt has been made for semiquantitative determination of DTAB by spot area 
method. A relationship between spot area and microgram quantities of DTAB was found 
which follows the equation of straight line y = mx + c. where y is the spot area plotted on 
y - axis, x is the percentage solution of DTAB plotted on x - axis, m is the slope of the 
curve and c is the intercept which is zero in this case. Linear curve is obtained upto 8 % 
concentration and beyond which a negative deviation from linearity was noticed (Fig. 
6.2). 
Effect of Cations and A nions 
No significant difference in the chromatographic behaviour of surfactants was noticed by 
the substitution of M3 with any of the mobile phase (M10 - Mis). 
fo present a clearer picture of separation of Dl AB from other surfactants, some TLC 
properties such as Ri- (described above), capacity factor (K), separation factor (a), 
resolution (Rs) and number of theoretical plates (N) were calculated using eqs. 1 - 4: 
RT 
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Where Ax is the distance between the centers of separated spots and di and di are their 
respective diameters. 
The values obtained for various TLC factors were 
K other surfactants = 10.1 
K(DTAB) = 0.5 
a = 19.80 
Rs = 4.38 
N = 2988 
Ihc quantity N can be regarded as an approximate measure of the separating efficiency of 
chromatographic plates. Larger N values mean more efficient chromatographic system. 
The quantity Rs serves to define separation. When Rs = 1, the two spots are reasonably 
well separated. Rs values larger than I mean better separation. 
It is also known that with greater difference between capacity factors of solutes (K). 
greater separation factor (a) and better resolution (Rs) were observed. 
I he values obtained for various TLC parameters cleariy demonstrate the applicability of 
the proposed method for the selective separation of DTAB from other surfactants. 
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Fig. 6.1: Effect of ammonium sulphate concentration on the mobility of DTAB. 
Fig. 6.2: Semi-quantitative determination of DTAB. 
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^soCution of Quaternary MiKpure 
of Ionic (Dyes on <Bipfiasic ^ Cumina-
'Kfiselj^ufir TRin Layer ^ Cate: 
Synergistic effect ofCationic-
!Nbnionic Surfactants 
7.1 INTRODUCTION 
Identification of a commercial dyestuffas a known dye or mixture of dyes is important 
for users of dyestuffs, public analysts and chemical examiners in customs laboratories. 
Because of the very large number of dyestuffs marketed under a much larger number of 
names, the problems of identification and analysis have become exceedingly complex. 
Thin layer chromatography (TLC) has rapidly grown in its status in recent years and has 
emerged out as an indispensable analytical technique for rapid and efficient analysis of a 
variety of substances in complex matrices including agrochemicals [1,2], amino acids [3-
5J and synthetic dyes [6-8]. Amongst the methods available for the analysis of synthetic 
dyes. Tl>C (both normal and reversed phase) is the most useful technique due to (i) low 
cost, (ii) minimal sample clean up. (iii) wider choice of mobile phases, (iv) flexibility in 
sample detection, (v) high sample loading and (vi) easy handling. 
Most of the reported TLC methods for the anailysis of dyes involve the use of mixed 
organic solvent systems containing methanol, acetone, ethanol, butanol, ethyl acetate and 
hexane as one of the components whereas little work has been reported on the use of 
micellar mobile phases [9-11]. Surfactants modified TLC is a promising method and has 
found wider applications [12-19]. An interesting study on the use of aqueous micellar 
solutions as mobile phase systems in RP-TLC of fluorescein dyes was reported by 
Shtykov el al. [ 11 ]. Their study reveals the following facts. 
(a) Micellar mobile phases (MMP) based on ionic (cationic and anionic) surfactants 
are suitable for the separation of dyes. 
(b) Compared to use of conventional organic aqueous mobile phase, separation with 
MMP is quicker and more convenient. 
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(c) Micellar mobile phases comprising of cetyltrimethylammonium bromide (cationic 
surfactant) and sodiumdodecyl sulphate (anionic surfactant) are very useful in 
promoting spot compactness and mobility of dyes enabling better separation of 
pairs of dyes. 
In most commercial applications, mixtures of surfactants, rather than individual 
surfactants, are used. In some other cases, different types of surfactants are purposely 
mixed to improve the properties of the tlnal product. Although the existence of 
synergistic relations between certain types of surfactants has been known and utilized for 
many years, the investigation of synergism in 1 LC is a recent development based upon a 
simple, convenient method for measuring molecular interactions between surfactants. All 
the mixtures of surfactants show more attraction (or less repulsion) after mixing. To our 
surprise, in spite of several advantageous features such as non-toxicity, non volatility, 
non-inflammability, non-aggressiveness, high-biodegradability and cost effectiveness, 
full potential of mixed surfactant system as an eluent for TLC analysis of dyes has not 
been exploited. 
The aim of this study was to develop new environmental friendly TLC systems 
comprising of surfactants as green eluents for studying the mobility pattern of dyes and 
selection of the best possible combination of stationary and mobile phases for the 
resolution of dyes from their binary, ternary and quaternary mixtures. Surfactants 
solutions at concentration level above their critical micellar value (CMC) were 
deliberately used because above CMC value, surfactants form micelles which selectively 
solubilize hydrophobic and hydrophilic compounds. 
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7.2 EXPERIMENTAL 
All experiments were performed at 30 ± T'C. 
Apparatus 
A thin layer chromatographic applicator (Toshniwal. India) was used for coating layer 
materials (silica gel, alumina and keiselguhr and their binary mixtures) onto 20 cm x 3 
cm glass plates. The chromatography was performed in 24 cm x 6 cm glass jars. Tripette 
(Werthlin, Germany) was used for spotting of analyte. 
Materials and Methods 
Anionic dyes (xylenol orange. Dl; bromocresol green, D2; congo red, D3; alizarin red S. 
D4; pyrocatechol violet, D5). and cationic dyes (malachite green. D6; methylene blue. 
D7: brilliant green, D8; rhodamine B, D9; crystal violet. DIO) were purchased from 
CDM. India. Silica gel "G". alumina (neutral), keiselguhr 'G', sodium deoxycholate 
(NaDC). Brij-35. Brij-78. cetylpyridinium bromide (CPB). cetylpyridinium chloride 
(CPC). cetyltrimethyl ammonium bromide (CfAB). acetone, butanol, and formic acid 
were from Merck, India. 
Test Solutions 
All dyes except xylenol orange 0.2% (w/v) were used as 0.1% (w/v) solutions in water 
plus methanol (1:1). For metal cations ( Zn'", Cd^*. K\^\ Co^\ Fe^ )^ - 1% (w7v) 
.solutions of their chloride, nitrate,or sulphate salts were used. 
Stationary Phases 
Code Composition 
S| Silica gel 'G' 
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s. Alumina neutral 'G" 
Keiselguhr "G' 
Alumina + Keiselguhr (1:1) 
Comp sition 
l%(w/v) Aqueous CPB 
1% (w/v) Aqueous NaDC 
1% (w/v) Aqueous Brij-35 
Ml + M3(1:1) 
1 % (w/v) Aqueous CPC + M3 (1:1) 
1 % (w/v) Aqueous CTAB + M3 (1:1) 
1% (w7v) Aqueous CPB + Brij-78 (1:1) 
M4 + acetone (1:1) 
M4 + formic acid (1:1) 
Mj + butanol (1:1) 
S3 
S4 
\MohUe Phases 
Code 
Ml 
M2 
M3 
M4 
M5 
M6 
M7 
Mx 
My 
M|(, 
Preparation of TLC Plates 
The desired stationary phase (20 g) was homogenized with 60 mL double distilled water 
by constant shaking for 5 min and the resulting slurry was coated immediately onto 20 
cm X 3 cm glass plates as 0.25 mm thick layer by means of a TLC coater (Toshniwal. 
India). The plates were dried at room temperature. After drying, the plates were activated 
by heating at 100 ± 1"C for Ih in an electrically controlled oven. After activation, the 
plates were cooled to room temperature and then stored in a closed chamber (30"C) 
before use. 
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Procedure 
Same as in chapter 2. 
Dyes were detected visually according to their original colour. The retention sequences 
of dyes by different stationary phases under different experimental conditions were 
measured in terms of retardation factor (i.e. Ri value). 
Separation 
For the mutual separation, equal volumes (1 niL each) of dyes to be separated were 
mixed and 0.05 fiL of the resultant mixture was loaded onto the selected stationary phase. 
The plates were developed in aqueous solution of surfactants as mobile phase (M1-M4). 
the spots were self detected due their inherent colour and the Ri values of the separated 
dyes were determined. 
Effect of Metal Cations 
Dyes being amphipathic molecules, their chromatographic behaviour is supposed to 
change in the presence of metal cations. Therefore, it was felt worthwhile to observe the 
elTect of heavy metal cations (Zn~\ Cd^', N i ' \ Co' ' . Fe^ )^ as an additive on the 
separation of quaternary mixtures of dyes, for investigating this, an aliquot (0.05 |iL) of 
additives (1% aqueous solution) was spotted along with the mixture (0.050 \x.L) of dyes 
and chromatography was performed as described earlier. The spots were self detected and 
the R| values of separated dyes were determined. 
Chromatographic Parameters 
Ihe stability of the colour intensity of dye spots on the chromatogram was observed 
visually. The developed chromatoplates were protected from light and the spot intensities 
were compared visually after every 12 h for a period of 100 h. 
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To investigate the stability (ageing effect) of mixture of dyes under study, the mixture 
(binary, ternary and quaternary) was chromatographed as described earlier after every 24 
h for the duration of 10 days under similar experimental conditions. The R| values of 
dyes so obtained after every 24 h interval were compared with the values obtained from 
the freshly prepared mixture of dyes. 
The reproducibility of R| values was checked by determining the R|.of the same sample 
by three different analysts and by the same analyst on different days under identical 
experimental conditions, in the same laboratory, using same apparatus. 
Effect of Replacement ofCPB with Other Cationic Surfactants 
In order to examine whether the charge of the surfactant or any specific moiety of 
surfactant is playing role in the separation of dyes. CPB in M4 was replaced by CPC and 
CTAB and the resultant mobile phase (Ms and Mf, respectively) were used to 
chromatograph using S4 as stationary phase. 
Effect of Replacement ofBrij-35 with Other Anionic Surfactant 
lo study the role of carbon chain length of the nonionic surfactant in the separation 
process, Brii-35 was substituted by higher member of the same series i.e. Brij- 78 (M7) in 
the mobile phase and chromatography of the mixture of dyes was performed as described 
above. 
Role of Organic Additives in the Mobile Phase 
Dyes, being organic molecules, their chromatographic behavior are supposed to change 
in Ihc presence of organic solvents in the mobile phase. Therefore, to ascertain this, 
organic solvents like acetone, formic acid and butanol was added in the mobile phase M4 
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in equal proportion and the resultant solutions Ms. My and Mio respectively were used as 
eluent to study their effect on the separation of quaternary mixture of dyes. 
Limit of Detection 
fhe limits of detection of bromocresol green, malachite green, rhodamine B and congo 
red was determined by spotting different amounts of these dyes on S4 TLC plates, 
developing the plates with mobile phase (Ms) and detecting the corresponding spots 
visually. The method was repeated with successively decreasing amounts of bromocresol 
green, malachite green, rhodamine B and congo red until no spot was detected. The 
minimum detectable amounts of these dyes were taken as limits of detection. 
7.3 RESULTS AND DISCUSSION 
The results of this study have been summarized in Tables 7.1-7.5. The interesting features 
of this study are: 
i) Hxploitation of the chromatographic property of mixture of two different 
adsorbents, 
ii) Enhanced separation efficiency of the eluent due to the synergistic effect of the 
mixture of surfactants, 
iii) Absence of corrosive, volatile and toxic organic chemicals in mobile phase thus 
making the TLC study 'green", 
iv) Mutual separation of dyes from their multicomponent mixtures including the 
quaternary separation of bromocresol green-malachite green- rhodamine B-congo 
red. 
v) Study of various chromatographic parameters, 
vi) Application of the proposed chromatographic system. 
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In order lo examine the mobility sequence of dyes on adsorbents of different/varying 
nature, dyes were chromatographed on plain silica gel 'G' (Si), plain alumina '•G''(S2). 
and plain keiselguhr 'G" (S3) using 1% (w/v) aqueous solutions of cationic (CPB, M|), 
anionic (NaDC. IVI2) and nonionic (Brij-35. M3) surfactants as eluents. Results obtained, 
shown in Table 7.1, were as follows: 
1) Silica gel (S,) 
When silica gel was employed to play the role of stationary phase, except bromocresol 
green, all dyes are strongly adsorbed and remained at the point of application irrespective 
of the charge of the eluent (M1-M3). Bromocresol green showed reasonable mobility with 
M: (Ri = 0.51) and M3 (R(. = 0.43). Hence, for further studies silica gel was not used 
except for some separations. 
2) Alumina (S2) 
On alumina, all anionic dyes except bromocresol green remained near the point of 
application. Bromocresol green produced tailed spot with M) (Ri = 0.64T) and compact 
spots with M2 (Ri = 0.69) and M.i (R| = 0.83) showing reasonable mobility and hence it 
can be separated selectively from other anionic dyes using M2 or M.i as eluent. As far as 
cationic dyes are concerned, all showed R| in the range 0.30-0.63 with Mi as eluent. 
Except rhodamine B, all other cationic dyes produced tailed spot either with M3 or with 
both Ml and M3. 
3) Keiseiguhr (SO 
On SrMi TLC system, all dyes were showing dilTerential migration behaviour in which 
xylcnol orange, bromocresol green and pyrocathecol violet achieved maximum mobility 
whereas malachite green, brilliant green and rhodamine B showed intermediate mobility 
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and the congo red and alizarin red S remained at the point of application. However, 
methylene blue and crystal violet exhibits tailing. With M2 as the mobile phase, all 
anionic dyes and one cationic dye (rhodamine B) moved significantly. Malachite green, 
brilliant green and crystal violet produced tailed spot while methylene blue moved 
slightly. With M3 rhodamine B (R| = 0.53) can be easily separated from xylenol orange 
or bromocresol green (R|. = 0.95) s well as from all other dyes (Ri. ~ 0.07-0.29) listed in 
Table 7.1. 
On the basis of the above results, it is clear that the preferred order of stationary phases 
from separation point of view of dyes is keiselguhr (S.O > alumina (S2) > silica gel (Si). 
For achieving maximum chromatographic performance, mixture of alumina and 
keiselguhr in various ratios as stationary phase were used for separation purpose using 
mixed surfactants as eluents. Thus, alumina was homogenized with keiselguhr in varying 
proportions (1:9, 2:8. 3:7, 4:6. 5:5. 6:4. 7:3. 8:2 and 9:1) and the resultant slurry was used 
as stationary phase. Similarly, aqueous solutions (1% w/v) containing CPB: Brij-35 and 
NaDC: Brij-35 in varying ratios (1:9. 2:8. 3:7. 4:6. 5:5, 6:4. 7:3, 8:2 and 9:1) were used to 
examine the mobility trend of all dyes. From this study. alumina:keiselguhr (1:1, S4) and 
CPB: BriJ-35 (1:1. S5) was .selected as the best possible combination of stationary phase 
and mobile phase for the resolution of quaternary mixture of dyes into it's individual 
components. When mixture containing bromocresol green-malachite green- rhodamine 
B-congo red was chromatographed with this most favourable TLC system, all four 
components migrated differentially resulting in their separation (Fig. 7.1). 
Various chromatographic parameters for this separation, such as AR|., a (separation 
factor) and Rs (resolution) were calculated using the following equations: 
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A R | (bromocrcsol green - malachite green) ~ R-1- (bromoerestil ureen) "" r<.|- (malaehile green) 
ARi(nialacliilc green - rhodaminc li) ~ R | ' (malaehile green) ~ Rl (rhodamine I?) 
A R l (rhoilaniine B - eongo red S) ^ R| ' (rhodamine I}) ~ r<.| (eongo red S) 
Ct ~ N-(bri)nii)cres()) green)'rv(nialaehile green) 
w h e r e K(bronioeresol green) ~ (1 "R|'(bromi>eresol green)' R|(bronn)ercsol green)j 
and 
•^(malachite green) " ( ' ""^IXnialaehite green )''^l(malaehite green)) 
C ~ ^-(malaehilcgreen)'•^(rhodamine I)) 
where K,ri„,d amine H) 
= (]-R 
I'Chodamine \M' i^l( rhodamine H)) 
C ^ K.(rhoj;imineU)'K.(congoredS) 
w h e r e K(eongo red S) = (1 - R ) (eongo red S)/ R | (eongo red S)) 
Rs = X/0.5(d„) + d,2)) 
where X = AR| X I , 1 is the migration distance of mobile phase 
d(i) and d(2) were the spot diameters of two consecutive spots. 
Tabic 7.2 Hsl the various parameters calculated tor this separation and from the table, it is 
clear that satisfactory separation has been achieved when compared with the standard 
values. 
In addition to the quaternary separation, important separations of binary and ternary 
mixtures of cationic and anionic dyes have been achieved using different combinations of 
stationary phases (S1-S3) and mobile phases (M|-M.O- Some of such separation are listed 
in Table 7.3 and 7.4. 
Stability is an important and essential aspect of validation in thin layer chromatographic 
analysis. Highly sensitive samples should not decompose during development of the 
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chromatogram and should be stable in-solution and on the adsorbent. The intensity of 
spots on the chromatogram should be constant at least for 1 h. In our case, no change in 
the intensities of the spots was noticed during the storage of developed plates, protected 
from light for periods upto of 72 h. indicating good stability of the mixture. 
Because no difference in the R| values of dyes was observed when their R^  values 
obtained from the freshly prepared solutions were compared with those obtained on 
consecutive thirty days, it was concluded that the mixture of dyes were sufficiently 
stable. 
Another important property of the method is its reproducibility, defined as the precision 
under different conditions, for example when the method was performed by different 
analysts and by the same analyst on different days. The variation in Ri values of 
individual dyes measured by three different analysts and by the same analyst on three 
ditVerent days did not differ by more than ± 5% from the average R| value indicating a 
good reproducibility. 
When CPB was replaced with CPC. no change in the mobility pattern of four dyes in 
their mixture was observed but in the case of CI AB. mobility of malachite green and 
rhodamine B increased resulting in the loss of quaternary separation^ This indicated that 
pyridinium group was playing a major role in separation of dyes. 
The substitution of Brij-35 by Brij-78 does not bring change in the migration behaviour 
of these dyes. It indicates that the effect of length of hydrophobic chain of nonionic 
surfactant is ineffective. 
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As a result of enhanced solubility, organic additives increased the mobility of all dyes. 
Ihis factor reduces the magnitude of differential migration of dyes and thus the 
separation possibilities are reduced. 
Anionic dyes bromocresol green and congo red possibly formed complexes with all the 
metal cations, as a result of which their R| values decreased while R[ values of cationic 
dyes remained unchanged (Table 7.5). 
fhe limits of detection of bromocresol green, malachite green, rhodamine B and congo 
red were 0.27, 0.19.0.21 and 0.23 i^g respectively. 
7.4 CONCLUSION 
rhin layer chromatographic system comprising of alumina:keiselguhr (5:5) as stationary 
phase and mixture of 1% aqueous solutions of CPB and Brij-35 in l:lratio as mobile 
phase is most suitable for the resolution of quaternary mixture of cationic and anionic 
dyes. Furthermore, to make the process environmentally benign green eluent like aqueous 
solution of surfactants has been suggested for use in separation science. 
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Table 7.1: R| values of dyes on different stationary phases (S1-S3) with different 
mobile phases (M1-M3) 
Dyes 
Di 
D2 
Ih 
DA 
Ds 
l \ 
O7 
Dx 
D, 
Dio 
R, 
Silica Gel (S|) 
M, 
0.02 
0.03 
0.05 
0.04 
0.07 
0.03 
0.03 
0.06 
0.08 
0.04 
IVI2 
0.23T 
0.52 
0.20T 
0.05 
0.06 
0.04 
0.07 
0.04 
0.06 
0.03 
Mi 
0.25T 
0.43 
0.08 
0.05 
0.08 
0.05 
0.06 
0.08 
0.04 
0.06 
Alumina (S2) 
Ml 
0.03 
0.64T 
0.05 
0.04 
0.06 
0.63 
0.42 
0.45 
0.46 
o.3or 
IVI2 
0.02 
0.69 
0.06 
0.03 
0.07 
0.36T 
0.29T 
0.80 
0.81 
0.30T 
M3 
0.04 
0.83 
0.04 
0.03 
0.05 
0.27T 
0.15T 
0.25T 
0.78 
0.37T 
Keiselguhr (S3) 
Ml 
0.93 
0.93 
0.07 
0.10 
0.86 
0.61 
0.36T 
0.51 
0.56 
0.29T 
M2 
0.96 
0.97 
0.77 
0.87 
0.88 
0.24T 
0.12 
0.39T 
0.83 
0.27T 
M3 
0.95 
0.95 
0.12 
0.29 
0.13 
0.12 
0.10 
0.11 
0.53 
0.07 
Table 7.2: Values of different chromatographic parameters calculated for three 
pairs of the quaternary separation (data taken from Fig. 7.1) 
Dyes 
Bromocreso! green - malachite green 
Malachite green - rhodamine B 
Rhodamine B - congo red S 
AR, 
0.19 
0.25 
0.31 
a 
6 
3 
4 
Rs 
2.1 
1.9 
1.8 
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Table 7.3: Resolution of two component mixtures of dyes into individual components 
S.P 
s, 
S2 
S3 
M.P 
M2 
M3 
Ml 
M. 
M3 
Ml 
M2 
M,, 
Binary separations achieved 
Selective separation of bromocresol green from all other dyes except xylenol 
orange and congo red 
Bromocresol green - congo red 
Bromocresol green - xylenol orange, malachite green - brilliant green. 
Separation of malachite green or methylene blue or brilliant green or 
rhodamine B from mixture of xylenol orange + congo red + alizarin red S + 
pyrocatechol violet 
Brilliant green - methylene blue, rhodamine B - crystal violet 
Rhodamine B - methylene blue, rhodamine B - malachite green, rhodamine B 
- brilliant green 
Selective separation of xylenol orange from all cationic other dyes, xylenol 
orange - congo red, xylenol orange - alizarin red S, congo red - pyrocatechol 
violet, congo red - brilliant green, congo red - rhodamine B, congo red -
malachite green 
Congo red - crystal violet, congo red - methylene blue, alizarin red S - crystal 
violet, alizarin red S - methylene blue, alizarin red S - malachite green, 
pyrocatechol violet - crystal violet, pyrocatechol violet - methylene blue, 
pyrocatechol violet - malachite green, malachite green - rhodamine B. 
methylene blue - rhodamine B 
Alizarin red S - rhodamine B. pyrocatechol violet - rhodamine B, brilliant 
green - rhodamine B, rhodamine B- crystal violet 
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Table 7.4: Resolution of three component mixtures of dyes into individual 
components 
S.P 
S2 
S3 
M.P 
M, 
M, 
M2 
M3 
Ternary separations achieved 
Mixture of (malachite green + methylene blue) or (malachite green + 
brilliant green) separated from xylenol orange, congo red, alizarin red S 
or pyrocatechol violet 
Xylenol orange - malachite green - - alizarin red S, xylenol orange -
malachite green - congo red. bromocresol green - malachite green - -
alizarin red S. bromocresol green - malachite green - congo red, 
pyrocatechol violet - malachite green - congo red, pyrocatechol violet -
malachite green - alizarin red S 
Xylenol orange - congo red - methylene blue, xylenol orange - congo 
red- crystal violet. bromocresol green - congo red- methylene blue 
Xylenol orange - alizarin red S - crystal violet, bromocresol green -
alizarin red S - crystal violet, xylenol orange - rhodamine B - congo 
red. xylenol orange - rhodamine B - alizarin red S, xylenol orange -
rhodamine B - pyrocatechol violet. xylenol orange - rhodamine B -
malachite green, xylenol orange - rhodamine B - methylene blue . 
xylenol orange - rhodamine B - brilliant green, xylenol orange -
rhodamine B - crystal violet, xylenol orange - alizarin red S -
methylene blue, bromocresol green - alizarin red S - methylene blue 
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Tabic 7.5: R|. Values of dyes in the presence of metal ions as impurities 
Dyes 
Metal cations 
Zir^ 
Cd^ * 
wr 
Co^^ 
Ft-^ 
Bromocresol green 
0.69 
0.47 
0.50 
0.63 
0.36T 
RK values 
Malachite green 
0.74 
0.71 
0.73 
0.76 
0.79 
Rhodamine B 
0.49 
0.54 
0.48 
0.52 
0.53 
Congo red 
0.16 
0.06 
0.13 
0.11 
0.10 
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Fig. 7.1: Separation of dyes from their mixture (bromocresol green-malachite green-
rhodamine B-congo red) on biphasic aiumina-keiselguhr (1:1) as stationary phase 
and equal volume mixture of 1% (w7v) aqueous solution of cet>ipyridinium bromide 
and Brij-35 in 1:1 ratio as mobile phase. 
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ABSTRACT: Thin layer cliroiiialoyriiphy (TLC) has hccn usi-il as an analylical 
Icchiiiqiie for the identification and monitoring of the adsorption behaviour of 27 
amino acids through a static soil Hat hed in contact with a(.|iieous sohitions of an 
inorganic electrolyte (aniinoniuiii sulphate) and an organic non-electrolyte 
(urea) at differeiil concentialioii levels. 
Certain amino acids showed salting-out and/or salting-in effects over a limited 
ainiiioKiiim sulphate concentration lange. Using tlilferential adsorption, it was 
possible to separate closely related amino acids from their mixtures on llic soil 
bed using 0.1 M solutions of ammoniinn sulphate anil urea. In addition to the 
simultaiieous separation of glycine from aruinine and glutamic acid, mutual 
separations of amino acids having non-polar side-chains from amino acids 
having charged or ionic polar side-chains (basic and acidic) are worthy of 
mention. 
The effects of particle size, activation temperature, irradiation of the soil by 
y-rays and the pll of the soil bed on the mobility sequence of the amino acids 
were also examined. The most fascinating aspect of the present study was the 
ad.sorption behaviour o( amino acids in.tlie presence of eatiimic, anionic and 
non-ionic surfactants at different concentration levels. 
INTRODUCTION 
Several attractive features ,such as a wider choice of mobile and stalionaiy phases, (Icxibility iu 
.sample detection, the open and disposable nature of thin layer chrotnalographic plates, the reduced 
need for modern laboratory facilities and the ability to handle large luinibcr of samples 
simultaneously have maintained the continuing [xipulariiy of ihin layer chioinatography (TLC) as 
a versatile analytical technique since its inception in 19.^ 8 by I/.mailov and Schraiber who 
analysed ceitain medicinal plants on Ihin alumina layers. 
.Since that lime, TLC has become the preferred analytical method for the identification and 
.separation of clo.sely related organic substances of pharmaceutical importance. The method has 
been applied .succcssHilly in the analysis of amino acids using a variety of layer materials (.Shcrma 
2t)04.2006: Varshncy elal. 1992: Xuan atid Lcderer 1994: Bhiishan and Pia.sad 1994: Wcng cl iil. 
1996; Malim)wska and Rozylo 1997: Deng el at. 1997: Dcgliar ci al. 2(X)0: Bhushan and Arora 
2001: Sharma et al. 2002: Nabi and Khan 2003: Mohammad and Agaiwal 2001: Copley and 
Tnitcr 1969; Pcirovic cKil. 1990: Pyka 1999; Dcmcglio and Svanbcig 1996). 
'Author to whom all correspondence .should be aildre,s.>icil. l'-ni;iil: in<)li.-itnm;ulali4uff'reiliffniail.c()ni. 
K7'l A. A/(>/iiimi)i(ii/ (IIHI N. //(n/Mf/vor/iadii .SViVm <• iC ?<( /ino/oijv \hl. 21 X<i. 10 2(>0<> 
In 1968, Helling and Turner coupled life favourable features of Ti.C and soil and develo(xxl a new 
technique known as soil TLC. This has provod vciy useful in the investigation of the mobility of 
pesticides (Khan and Khan 1986; Helling 1971; Jamet and Thoisy-Dur 1998; Rhodes ci al. 1990; 
Mohammad el al. 2001; Dcdeic el al. 1983). trace elements (Mohammad and Jabccn 2003) and 
heavy metal cations (Khan cl al. 1996, 2000; Slahl 1965; Singhal ci al. 1978; Musumeki ri al. 1982; 
Kumari and Singh 1990; Sanche/.-Camazano and Sanchez Mailin 1993). Mixed laycis prepaicd 
from mixtures of silica gel and soil have also been utilised to study the differential migration of 
pesticides (Mohammad el al. 2001) and heavy metals (Mohammad and Jabeen 2003). However, soil 
TLC has not been fully utilised to date in the .separation and identification of amino acids. 
The present study was undertaken with the aim of understanding the mobility pattern of some 
amino acids through a static flat soil phase in contact with atjucous salt solutions of ammonium 
sulphate (an inorganic electrolyte which is used as a fertiliser) and an organic fertiliser, i.e. urea. 
Plant roots take up nitrogen from the soil solution principally as nitrate ions (NOp and ammonium 
ions (NH*). The sulphate ion (SO-j ) is the form in which plants absorb most of their sulphur from 
the vSoil. Both urea and ammonium sulphate are used as feililisers (i.e. as sources of nitrogen) and 
hence the present .study involving the u.se ofthc.se organic and inorganic aqueous fertilisers in contact 
with a static soil surface to monitor the mobflity of amino acids is important. Another reason for 
selecting ammonium sulphate as a mobile phase is its ability to show salting-out effects in the 
.separation of amino acids on cellulo.se layers (Kuhn and Lederer 1988). The present study reflects 
the usefulness of soil TLC in examining the uptake and translocation of amino acids in the soil. 
Ba.scd on differential migration, wc have obtained some important separations of aniino acids, 
especially the separation of i.-cysteinc from ij,i.-methionine (both sulphur-containing amino acids) 
using an aqueous solution of urea as the mobile pha.se. The separation of sulphur-bearing amino 
acids is very important because both amino acids are necessary for human well-being. However, 
only methionine is considered an essential amino acid and may lie obtained from food and drugs. 
In contrast, the body forms cysteine via the metabolic conversion of methionine when the latter is 
present in adequate amounts. l*ood and drugs are considered as contaminants if cysteine is present 
even in small quantities. Separating cy.sleine from methionine allows its identification by the TLC 
technique proposed. 
KXI'KKIMr<:N1AL 
Materials 
Ammonium sulphate, amino acids. A'-cctyl-A'.A'-trimethylammonium bromide and sodium 
hydroxide (CDH, India), urea, 2,2-dihydioxy-l//-i)Klane-l. 3|2/y)-dione (ninhydrin), acetone, 
boric acid and sodium dodccyl .sulphate (SDS) (Merck, India), Brij-98 (Sigma-Aldrich, Germany) 
and phosphoric acid (Glaxo, India) were all employed. 
Preparative procedures 
The following amino acids were studied; glycine (Al), i.-proline (A2), i.-histidinc (A3), i.-glutamic 
acid (A4), i.-lysine (A5), i.-tyrosine (A6), i.-cystinc (A7), i.-cy.steine (A8), i.-serine (A9). 
L-lcucine (AID), i,-arginine (All) , i.-ornithinc (AI2). i.-alaninc (AI3), u,i,-asparlic acid 
(14), D,[.-alaniiie (AI5), D,[.-valine (AI6). r>,i.-phcnylalanine (AI7), u.i.-scrine (A18), 
D,r.-isolcuciiic (A 19), iwwjw-isoleucinc (A2()), D.i.-tryptophan (A2I), r),i,-2-amino-n-bulyric acid 
77iiH /.nvci ClmtiiHii<int(ii>lii<- Siiuli<'s (ij tlic /U/vnc/Kiod iifAiiuixi Aciils IIIIOIIKII ti Srnlic Soil Phase <S7? 
(A22), i),L-mcthioninc (A23), D,i.-threonine (A24). n-glutaniic acid (A25). n-Icucinc (A26) and 
i)-alaninc {All). 
Cluoinatograpliic studies were pcrforniecl using a 1 w/v% aqueous solution oi' the amino 
acids which were detected using a 0.3 w/v% ninhydrin solution prepared in acetone. Glass plates 
(20 X 3.5 cm), glass jars (24 x 6 cut), a pH meter (Elico model IJ-IOT) and a micropipettc were 
used. All studies were perlbrmcd using soil from the l-'ort area of Aligarh (India) as the stationary 
phase together with aqueous solutions ol" anjmonimn sulphate (0.1, 0.3. 0.5, 0.7 and 0.9 M) and 
urea (0.1 and 0.9 M) as the mobile phases. 
Prcpuraiion of soil TLC /tlales 
A sample of natural, uncultivated soil was collected from the soil surface horizon (0-20 cm deep). 
The sample was dried, ground and pa.sscd through a 100 mesh (BSS) size sieve to obtain a tmiform 
particle size. The physicochemical properties of the soil used as a stationary pha.se in the present 
study are summarised in Tabic 1. 
The soil TLC plates were prepared by mixing Ihe soil sample with doubly distilled water 
in a 1:3 ratio and then converting the resulting mixture into a slurry by mixing mechanically for 
5 min. The resultant homogeneous slurry was spread onto 20 x 3.5 cm glass plates as a layer of 
0.25 mm thickness. The plates were air-dried at room temperature (30 ± 2"C) and stored in an 
air-tight chamber until u.scd. 
ChrHinato^raphic procedures 
Test solutions (ca. 1 |il volume) were applied onto the TLC plates using a micropipettc held at a 
distance of 2 cm above Ihe lower edge of the plates. The spots were dried at room temperature 
TABLE L Pliysicochcniical Properties of the Soil used 
as a Stationary Phase 
Parameters 
Mechanical comix>sitiou (%) 
Sand 
Sill 
Clay 
pH (soil/water - 1:5) 
Electrical conductivity (nii2 '/c{u) 
fixchangcablc cations (nicqiiiv/IOfl g .soil) 
K' 
Na* 
Ca^' 
Mg" 
Available nilrogen (ppni) 
Nii; 
NO, 
NO, 
Organic matter (%) 
V;iluc 
62.70 
24..35 
13.05 
8.4 
0.64 
i)5l'> 
1.00 
^•.^i) 
1 50 
52.0 
40.0 
6.0 
0.47 
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before dcvelopmcnl. Dcvclopmenl was'achieved by covering tlic plates with fihci- paper onto 
which the mobile phase had been allowed'to soak for a distance of 1.5 cm. Tiiis avoided 
disintegration of the soil sample when it came into contact with the mobile phase. 'Ihc ascent of 
the solvent was fixed at 10 cm in all cases. The glass jars containing the mobile phase (ca. 15 ml 
volnme) were covered with lids and allowed to stand for 10 min to enable saturation before 
intr(Klucing the plates for development. The plates were developed in the chosen solvent system 
by the ascending technique. After development, the plates were withdrawn from the glass jars and 
dried at room temperature. They were then sprayed with a detector, i.e. ninhydrin solution. The 
amino acids were detected as pinkish red/brick icd spots. The retention sequence of amino acids 
by the soil phase under different experimental conditions was measured in terms of the retardation 
factor (i.e. the R,,-valuc). For each R,,-vakie, the values of R, (R|,-value of the leading front) and 
R.^ . (R,.-value of the trailing front) for each spot were determined and the overall R, -value 
calculated as: 
R,, = (R, + R.,,) X 0.5 
In most ca.ses, the results obtained have been presented in the form of the AR,,-value, i.e. the 
difference between the R,.-valucs of amino acids obtained in two different systems (AR,: = R, in 
system A - Rp in system B). To effect their separation, equal volumes (I w/v%)of the amino acids 
to be .separated were mixed and I (.il of the resultant mixture loaded onto TLC plates. The plates 
were developed to 10 cm height, the spots detected and the R| -values of the separated amino acids 
determined. 
To examine the adsorption behaviour of amino acids in the presence of surfactants, I ml of 
cationic, non-ionic or anionic surfactant solutions (prepared in methanol) at surfactant 
concentration levels of 10"' M, i.e. below the critical micelle concentration (CMC) value and 10 - M, 
i.e. above the CMC value, were mixed separately with 1 ml of a given amino acid (1 w/v%). After 
thorough mixing. 1 \i.\ of the resultant mixture, i.e. (i) amino acid plus surfactant (10- M) and 
(ii) amino acid plus surfactant (10 •' M), was sixittcd onto the TIX' plates and chromatography 
performed. 
The R,,-valucs of all the amino acids listed above were determined using 0.1 M urea as the 
mobile phase. From the R,-vaIues obtained, the values of AR,,, (R,, ol pure amino acid - R,.. of 
amino acid in Ihc presence of 10 ^ M surfactant) and AR,, (R,,. of pure amino acid - R, of amino 
acid in the presence of 10- M surfactant) were determined. Surfactants at 10- M and 10"^  M 
concentrations were deliberately used because at lower concentrations (l()"^ M) non-ionic 
surfactants behave as monotiicrs whereas cationic and anionic surfactants behave as electrolytes. 
AITOVC the CMC value (10-M). surfactant molecules are aggregated to form micelles which 
behave differently from their behaviour below the CMC value. 
RESULTS AND DISCUSSION 
Figure l(a)-(e) illustrates the dependency of the R,,-values on the ammonium sulphate 
concentration. The amino acids studied can ho divided into the following groups in accordance 
with their chromatographic behaviour: 
(A) Amino acids such as AI, A9, A13 and A26 exhibited an irregular chromatographic 
behaviour. The R,.-valiies of these amino acids followed a path which pos.scs.sed one 
Tliiii l/iycr Chroiiuiliiftrciphic Stiulics oj the Adsniplion (ifAminu Ai iils lliroiiah n Shiiif Soil I'luisc ,S77 
0.1 0.3 0.5 0.7 0.9 
Ammonium sulphate cone. (M) 
0.1 0.3 0.5 0.7 0.9 
Ammonium sulphate cone. (M) 
0.1 0.3 0.5 0.7 0.9 
Ammonium sulphate cone. (M) 
-0.1 0.1 0.3 0.5 0.7 0.9 
Ammonium sulphate cone. (M) 
0.2 0.4 0.6 0.8 1 
Ammonium sulphate cone. (M) 
Figure I . HfTecl or ammonium sulphate conccniralion on the moliility oC amino acids: (a) • , A l ; • .AO; A, Al.^; • . A2ft: 
( 1 0 * , A 4 ; B , A 1 6 ; A . A 2 I ; B . A24; • . A25-. (c) • , M 8 ; • Al'): kl) • . AI-1; • , A15. (cl • , A22, 
minimum at 0.5 M ammonium suiphalc and iwo maxini.t. the first occinring al 0.3 M and tiic 
-second at 0.7 M ammonium sulphate |Figuic 1(a)). 
(B) Amino acid.s such as A4, A16, A2 I , A24 and A2.5 showed a dccica.sc in R,.-value on 
increasing the ammonium sulphate concentration, loilowcd by an increase in R,-value with 
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a further increase in the concentration, of aninioniuni sulpiiate. Thus, these amino acids 
showed only one minimum ll-igure l(b)f. 
(C) Amino acids such as A18 and A19 siiowcd an increase in R,-vaiuc with increasing 
ammonium sulphate concentration (Figure l(c)J. 
(D) Amino acids such as AI4 and AI5 showed no significant change in their R|-values until the 
concentration of ammonium sulphate attained a level of 0.7 M. However, sudden increases 
in these R -values were observed in the ammonium sulphate concentration range 0.7-0.9 M 
[Figure l(d)l. 
(R) The amino acid A22 exhibited a different behaviour. Thus, its R|,-valuc first decreased with 
increasing ammonium sulphate concentration and then increased, followed by a further 
decrease, as the concentration of ammonium sulphate was increased further [Figure Ke)). 
The various behaviours of amino acids depicted in Figure I. which exhibit minima and maxima, 
are indicative of salting-out (a dccrca.se in the R,.-valiic with an increase in salt concentration) and 
salting-in (an increase in the R, -value with an increase in salt concentration) effects for certain 
amino acids over limited ammonium sulphate concentration ranges. 
Figure 2(a)-(c) illustrates the dependence of the R^ -^valiie |R_,, = log{ I - R,.}/R|:| of i.-lysinc. 
i.-arginine and i.-ornithinc on the molarity of (he ammcmium sulphate in the mobile phase more 
clearly. 
It is evident from the data summarised in Table 2 that the mobility of the amino acids A4, A6, 
A7, A9. A10 and A21 increased with an increase in urea concentration in the iriobile phase. 
Ammonium sulphate cone. (M) 
(c) 
Ammonium sulphate cone. {M) 
Ammonium sulphate cone. (M) 
Figure 2. Dependence of Ihc R -^vaUic for (a) i.-lysinc', (h) i arginiiic and (c) i.-omiiliine on llie molarity of ammonium 
siilphale in Ihc sy.slem. 
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TABLK 2. R|,.-Values (Mobility) of Aiuiiio Acids at DilTcicnt CoiKL-iilialii)ii Levels of 
Aniinoniiim Sulphate 
Amino acids 
A l 
A2 
A:? 
A4 
A 5 
A6 
A7 
A8 
A9 
AlO 
A l l 
A I2 
A13 
A I4 
A I5 
A I6 
A17 
A I8 
A I 9 
A20 
A2I 
A22 
A23 
A 24 
A2.S 
A26 
A27 
Ammonium sulph; 
0.1 M 
0.06 (0.f>())= 
N.b." (N.D.) 
N.D. (N.D.) 
0.85 (0.73) 
0.34 (0.04) 
N.D. (0.33T)' 
N.D. (0.28T) 
N.D. (0.41) 
0.74 (0.59) 
0.83 (0.80) 
0.25 (0.03) 
0.26 (0.06) 
0.79 (0.68) 
0.72 (0.74) 
0.72 (0.67) 
0.74 (0.76) 
0.74 (0.66) 
0.68 (0.61) 
0.75 (0.75) 
N.D. (0.78) 
0.66 (0.49) 
0.82 (0.72) 
0.81 (0.65) 
0.81 (0.65) 
0.84 (0.71) 
0.78 (0.74) 
0.76 (0.67) 
tie concentiation 
0.3 M 
0.70 
N.D. 
0.68 
0.84 
0.50 
N.D. 
N.D. 
N.D. 
0.75 
0.80 
0.43 
0.49 
0.84 
0.72 
0.70 
0.7IT 
0.73 
0.75 
0.77 
N.D 
().«) 
0.76 
0.79 
0.73 
0.82 
0.85 
0.86 
0.5 M 
O.M 
0.74 
0.66 
0.78 
0.56 
N.D. 
N.D. 
N.D. 
0.68 
0.73 
0.51 
0.51 
0.69 
0.71 
0.72 
0.81 
0.73 
0.72 
0.77 
N.D. 
0.62 
0,80 
0.76 
0.76 
0.75 
0.71 
0.73 
0.7 M 
0.75 
N.D. 
N.D. 
0.90 
0.70 
N.D. 
N.D. 
N.D. 
0.81 
0.76 
0.72 
0.79 
0.90 
0.7! 
0.74 
0.81 
0.76 
0.74 
0 79 
N.D. 
0.62 
0.78 
0.74 
0.74 
0.91 
0.82 
0.79 
0.9 M 
0.74 (0.64)^' 
0,79 (N.D.) 
N.D (0.53) 
0.86 (0.81) 
0.65 (0.06) 
N.D. (0.69) 
N.D. (0.56) 
N.D. (N.D.) 
0,80 (0,66) 
0,82 (0,86) 
0,58 (0,06) 
0.67 (0,06) 
0.87 (0.65) 
0.76 (N.D.) 
0.82 (0,05) 
0,83 (0,79) 
0,()9 (0,68) 
0,78 (0,63) 
0,84 (0.78) 
N.D. (0,77) 
0.69 (0,65) 
0.73 (0.71) 
0.78 (0.66) 
076 (0.69) 
0.87 (0.76) 
0.66 (0.73) 
N.D. (0.63) 
' The values pre.seiiled in bratkcl.s refer U> (ho K|;-v;iliie.s of iifiiino .icids ()bl;iincd in aqueou.v uroa .Mduiioii.',. 
*• N.D. = Not Determined. 
' T = R i.e. R,,-value oflrailini; from. 
The tailed spots of A6 and A7 produced at a lower urea coticenlralioii (0.1 M) were transfonncd 
into wcll-shapcd compact spots at iiighcr urea concentration (0.9 M). The mobility of otiicr amino 
acids remained almost unchanged irrespective of the concentration of urea in the mobile pha.se. 
In view of the differential adsorption cfnciencies of amino acids on soil layers developed with 
0.1 M ammonium sulphate and urea, a detailed study was performed with these aqueous mobile 
pha.sc systems. The results presented in Table 2 clearly indicate that various combinations of 
amino acids may be resolved from their binary mixtures on soil layers. However, a three-
component mixture consisting of glycine, i.-argininc and n-glutamic acid could only be resolved 
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on a soil phase if 0.1 M ammonium sulphate was employed as the mobile phase (Higure 3). 
Table 3 shows the various experimentally achieved separations on a soil layer. 
it is evident that i,-lysine, L-arginine and i.-ornithine were strongly adsorbed onto the soil bed 
in all eases and remained close to their point of application when the soil TLC plates were 
developed with 0.1 M urea. It was therefore'eoncliidcd that i.-lysine, i,-arginine and i.-ornithinc 
were not passed through the static soil phase with 0.1 M urea as the eluant so that these amino 
acids were not bioavailable to the plant. Conversely, glycine (A I), i.-alanine (A 13) and iv.-alanine 
(A 15) showed significant mobility (R,-value range 0.6-0.8), being easily transported through the 
soil layer and thus were available for assimilation by plants. The strong ad.sorption of i.-lysinc, 
t.-arginine and L-ornithinc may be due to the electrostatic attraction of these amino acids on the 
soil bed: 
NH, NH, 
Q^ + H3N—{CH2)4-c—cocr —.• I^^NHj—{CH2)4-c-cocr 
soil colloid soil colloid 
The substitution of 0.1 M urea by ammonium sulphate (0.1 M) as the mobile phase led to the 
enhanced mobility ofalmost all the amino acids studied. It was due to the inlluence of ammonium 
sulphate as an electrolyte relative to llvat of urea in the aqueous phase, where the latter remained 
in the molecular form. 
The results presented in Figure 4 demonstrate more clearly the effect of ammonium sulphate as 
a mobility accelerator for amino acids relative to urea. This figuie was constructed by plotting AFi, 
(the Rp-valucs of the amino acids in 0.1 M ammonium sulphate minus the R|..-valucs of the amino 
acids in 0.1 M urea) versus the amino acids concerned. The positive ARp-valucs are indicative of 
the enhanced mobility (or decreased adsorptiviiy) of amino acids in ammonium sulphate. Thus, if 
amino acids arc to be transpoilcd through a .s,oil bed, an electrolyte such as ammonium sul|)hate 
would be preferable as the mobile phase relative to a molecular organic compound such as urea. 
However, it should be noted that aspailic acid, valine and i.soleucinc showed almost identical 
adsorption behaviours in both urea and ammonium sulphate systenis. 
Application point 
of sample 
(A1 + A11 + A25) 
Figure 3 . CliromaUigram demonslraiing (he siniiiltaiicous scparaliim of the niono-amino nidnocartxixylic aciil. .M 1. from 
the moiHi-amino dicarboxylic acid. A25, iiml iho diha.sic moruHarboxylic atid. A l l . 
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TABLE 3. Separations ol Amiiiu Aeitls Acliicvcd I'ApcriniciUally on a Soil Laycv 
Mobile phase Amino aciils separated Remarks 
0.1 M urea Glyeinc (().5y)/i.-gliilan)ie aciti 
(0.84): l.-cysteiiic (()..')6)/i.-silulainie 
acid (0.78); l.-eyslcine 
(0.57)/lu,-aspartie acid (0.80) 
0,1 M urea I.-Arginine (0.09)/ixi.-aspariic acid (0.67); 
i.-arginine (0,IO)/l -glulaniic acid (0.78); 
l.-lysine (0.()7)/l.-glutamic acid (0.69); 
L-lysinc (0.06)/i.i,i.-aspanic acid (0.66) 
0.1 M urea Glycine (0.73)/i),i,-isoleucinc (0.90); 
glycine (0.69)/i)-lcucinc (0.83); 
glycine (0.70)/iu.-valinc (0.89); 
glycine (0.6.^)/!.-leucine (0.81) 
0.1 Mured i.-Argininc (0.05)/ixi.-inethionine 
(0.45); I.-arginine (0.07)/i\i.-valine 
(0.81); I.-arginine (0.05)/i),l.-isi>leueinc 
(0.90); L-lysinc (0.()6)/i>.l.-isoieucine 
(0.79); i.-lysinc (0.07)/i),i.-valine (0.78); 
1,-argininc (0.06)/i),i.-phenylalaninc (0.78) 
0.1 M urea t-Lysinc (0.08)/i),i,-inclhioninc (0.69); 
1,-lysine (0.06)/i.-cystciiie (0.45); 
L-argininc (0.10)/i.-cyslcinc (0.49); 
i.-cysteinc (0.55)/i>glulainic acid (0.79); 
l.-argininc (0.05)/l).i -nielhionine (0.69); 
I.-lysinc (0.06)/D.I -phenylalanine (0.77); 
I.-arginine (().07)/i-alanine (0.77); 
1,-arginine (0.10)/n.l.-lryploplian (0.68); 
i.-lysinc (0.()8)/i),i.-iryploplian (0.72) 
0.1 M urea L-Cyslcinc (0.40)/i).i,-nielliioninc (0.C)0) 
Separation o( iiumo-
aminocarboxylic acids from 
moiio-aminodicarboxylic acids 
Separation ol moiio-
aminiKlicarbo.tylic acids 
from dibasic monocarboxylic acids 
Separation of simple niono-
aniino monocarboxylic acids 
from branched chain inono-
aniino nionocarboxylic acids 
Separation of amino acids having 
non-polar side-chains from 
amino acids having charged 
or ionic polar side-chains (basic) 
Separation of amino acids having 
non-polar side-chains from 
amino acids having charged or 
ionic polar side-chains (acidic) 
Separation of sulpliiir-containing 
amino acids 
0.1 M 
anunonium 
sulphate 
0.1 M 
aniinoniuni 
sulphate 
0.3 M 
itminoiiiuin 
sulphate 
Glycine (0.65)/i.-alanine (0.83) 
Glycine (0.29)/i.-arginine (0.61)/ 
i)-glutatnic acid (0.76) 
.-Ilistldinc (0.49)/i.-arginine (0.69) 
Mutual separation of simple 
mono-amino monocarboxylic acids 
Simultaneous separation of mono-
amino monocarboxylic acid from 
mono-aininodicarboxylic acid and 
dibasic monocarboxylic acids 
Mutual separation of amino acids 
containing positively charged 
R group 
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Amino acids (A1-A27) 
Figure 4. EfCecl olsubstiluling 0,1 M urea by 0.1 M ainmniiiiiin sulphale as the incihile pliasc on ihe iiiobilily orainino 
acids — tlic amino ncicis A2, A10 and A20 were ciol dclecicd in one ol lliese media. 
(b) 
-1 
-0.10J 
Amino acids (A1-A27) Amino acids (A1-A27) 
l''i(»ure 5, l iffccl of a calianic .siirfaclanl (a) above llie CMC value and (b) liclow die CIMC' value on the mobilily ol amino 
aeid.-i — [\K amino acid.s A2. ^^. Afi . A7. A8. AM. A M , A IK. A21 and A^.'' were not detected in llie media employed. 
Effect of surfactants on the mobility of amino acids 
EJfecr of a catioiiic siirfactaitt (CTAB) 
(i) Mixlurc or amino acids + CTAB (above Vic CMC value) 
Only two amino acids, viz. i -leucine and o-alanine, showed positive AR|..-valiics. For all other 
amino acids studied, the AR,.-valucs were found to be negative with the nia.xinium occurring 
for i)-lcucinc and D,i,-phcnylalaninc jsce Figure 5{i\)]. 
(ii) Mixture of amino acids + CTAB (below the CMC value) 
In this case, positive AR,;-values were obtained for i.-alanine (AR,: = +0.08), oj.-valine (AR,, = +0.06) 
and D4.-/if>r-isoleucinc (AR,, = +0.07). Al l other amino acids showed cither no change in their 
mobility or showed negative AR,.-values, with the most pronounced reduction in R,-value 
being for i.-.scrinc (AR,..= -0.17) [Figure 5(b)|. 
Effect of a non-ionic surfactant (lirij-'^iS) 
(i) Mixture of amino acids + Brij-98 (above the CMC value) 
i>j,-Alaninc showed the maximum positive AR,..-value (AR,, = +0.1.'^ ) while i.-leucine, 
D,L-aspartie acid, lJ.i.-no;--i.soleueinc and i)-alanine showed nominally positive AR,.-valiies 
(AR, = +0.03 to ca. +0.05). The highest negative AR,.-value was observed for i glutamic acid 
(AR,. = -0.22) while other amino acids showed AR,,-valucs in the range of+0.06 to -0.06 [see 
Figure 6(a)). 
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Amino acids (A1-A27) Amino acids (A1 -A27) 
Figure 6. Kffecl of a non-ionic surfactani (a) above the CMC value anil (h) helow ihc CMC value on llio mobilily of amino 
acids — the amino acids A2. A3, A6, A7 and A8 were not deteiioil alx)ve the CMC value in the medium employed while 
the aminoacids A2 .A3 .A6 ,A7 . AR. A I3 .A21 and A23 were not detected helow the CMC value in the medium eni|iloved. 
Amino acids (A1-A27) Amino acids (A1-A27) 
Figure 7. Kffect of an anionic surfactant (a) above the CMC value and (b) below the CMC value on the mobility of amino 
acids — the amino acids A2, A3. Aft. A7. AS. A"*. A I 2 . A I3 and AIR were not delected above the CMC. value in the 
niedinni employed while the amino acids A2, A3. A6, AX. A13 and A2I were not detected below the CMC value in the 
medium employeil. 
(ii) Mixture of amino acids + Brij-98 (below the CMC value) 
None of the ainino acids showed significant positive AR|:-viikics. A noticeable change in the 
Rp-value was found for i.-glutaniic acid (AR,: = -<).l I). Other amino acids showing negative 
ARp-values were i,-scrinc, n,i,-aspartic acid, D,i.-alanine and D-leucinc IF'iguic 6(b)|. 
hffecl of anionic surfacuini (SDS) 
(i) Mixture of amino acids + SDS (above the CMC value) 
The maximum impact of SDS on the R,-values of amino acids was for Dj.-lryptophan where 
the magnitude of AR|: was -0.23. Other amino acitis showing negative AR^-values in the range 
0.05-0.10 were n-alanine (0.06) , i.-glutamic acid or i),i.-phenylalanine {-().()7). D-leucine 
(-0.08), Dj.-mcthioninc (-0.09) and IM.-Ihrconine (-0.10). Slightly higher negative AR|..-values 
were noted for iKscrine (AR,:= -O.!.")) and i;-glulamic acid (AR, = -0.15) [Figure 7(a)l. 
(ii) Mixture of amino acid -t- SDS (IK-IOW the CMC value) 
Positive AR,,-valucs were found for i>,i,-aspanic acid and o,i.-/(w-i,soleiicine while a 
maximum negative AR,.-value was exhibited by i.-cystine (-0.21). Other amino acids 
showing negative AR,.-valucs in the 0.08-^.16 lange were D-alanine (-0.08). ixi.-threoninc 
(-0.15). i>glulamic acid (-0.14) and D-serine (-0.12) (Figure 7(b)l. 
The |X)sitive AR,,-va]ucs were indicative of the lowering of the R,.-values of amino acids (or an 
increase in the adsorption capacity of the .soil) in the presence of surfactants, whereas Ihc negative 
AR,..-valucs were indicative of the reverse effect, i.e. increasing R,,-valuc.s for amino acids in the 
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presence ofsurfactaiKs. Thus, when present, surractants may increase or decrease the niobihty ol' 
amino acids through the static soil phase. In general, the mobilities of amino acids through a soil 
layer increased in the presence ofcationic, anionic or non-ionic surfactants (l^gurcs .5-7). Hence, 
it may be concluded that surfactants may be utilized as mobility promoters for the passage of 
ainino acids through soil. 
These results have a practical significance since soil is usually contaminated by surfactants 
commonly used in shampoos (anionic surfactants), in textile industries as fabric softeners 
(cationic surfactants) and heavy-duty laundry formulations (non-ionic surfactants). All these 
surfactants cause a change in the adsorption characteristics of the soil phase and thus inllucncc the 
adsoiption efficiency of soil. 
Influence of various factors on the mobilities of amino acids 
Effect of pal tide size 
The impact of soil particle size on the mobilities of amino acid was studied by irsing two different 
particle sizes of the same soil, viz. UK) mesh and 200 mesh sizes, under identical experimental 
conditions. Increasing the .soil particle size from 100 to 200 mesh size led to (a) an increa.se in the 
development time necessary for the travel of the mobile pha.se (0.1 M urea) by 10 cm by 1 .'5-20 niin 
and (I)) an incrca.sc in the compactness of llic spots along with a slight decrea.se in the R, -values for 
all the amino acids studied. Generally, the maximum reduction in the R,,.-valuc of an amino acid 
was A% from the average value. The reduction in R,..-values was due lo an increase in the holding 
capacity of the soil for amino acids as a result of the increased suifacc area of the particles. 
Effect ofaclivalioii of plates 
To study this effect, soil TLC plates dried at rqom temperature were activated by heating at dOX 
for 30 min in an electrically controlled oven. Chromatographic studies were performed using these 
plalcs and results obtained were cotnpared with those obtained on plates dried at room 
temperature (30°C), i.e. non-activated plates. The adsorption patterns for the amino acids 
remained virtually unchanged irrespective of whether they were studied chromatographically on 
air-dried (.30°C) or activated (60°C) soil TLC plates using 0.1 M urea as the mobile phase. 
EJfcci ofpH 
The pH of the soil was increased from 8.4 to 10.6 through the use of a borale/phosphate buffer 
during the preparation of the soil slurry. An examination of the effect of pH on the mobility 
patterns of the amino acids studied through the resulting soil bed indicated that increasing the pH 
of the soil phase from 8.4 to 10.6 caused the R,.-values of all the amino acids lo increase. This may 
be attributed to the change in the physical structure of the soil. Brady and Weil (21K)4) have 
rcixirted that the stabilised aggregate structure of soil changes into a disj^crscd slniclurc-less phase 
at high pH values. 
Effect ofy-ray iiradiaiion of the soil 
A soil sample was irradiated by exposing it to a y-ray source for 1.5 min. This soil was then used 
for the preparation of soil TLC plates. The results of chromatographic studies on the irradiated soil 
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plates were compared with those obtaiiieci on non-irradiatecl soil plates. It was found that the 
mobilities of the amino acids studied remained the same irrespective of whether irradiated or 
natural soil plates were used for their chromatogra|)hic estimation. 
CONCLUSIONS 
The study reported showed that certain amino acids exhibit salting-in and salting-out phenomena 
on soil within a limited ammonium sulphate concentration range. The proposed chromatographic 
procedure allows the separation of amino acids from their multi-component mixtures. The 
sul)stilutit>n of urea (0.1 M) as the mobile pha.se by an aqueous solution ol'ammonium sulphate 
(0.1 M) led to the enhanced mobility for almost all the amino acids through the .soil bed. The 
presence of surfactant in the analytc promoted the mobility of the amino acids. The most 
favourable chromatographic system for the mutual separation of glycine. 1,-arginine and 
i.-glutamic acid consisted of O.I M ammonium sulphate .solution as the mobile phase and soil as 
the stationary phase. 
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Selective Separation of Dodecyltrimethylammonium 
Bromide from Other Cationic and Nonionic Surfactants 
All Mohammad* and Nazrul Haq 
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Thin-layer chromatography (TLC) 
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Dodecyltrimethylammonium bromide (DTAB) 
Summary 
r i i in- l j>ei i'hi'<Mii:it(i<ir»|)liy l U X ) nl'cHtionii' and niiniiiiiic sui I'ac-
lanls has lu-cii peri'iirmvil on soil, silica (!c-l. alumina, and kicvcliiuhr 
luyi'iN nsinii a<|iK'f>ns solutions of amnionluni sulTatc and uri-a as 
nioliik' phases. Four staliiinary phases and nrtccn mobile phases 
nt'i ' i ' used Ki examine the mohilily oTthe surfactants and to discover 
the hesl II.C system for selective separation (if dodecyltriniethyl-
animoiiinm hromitle iDTAK) from niulticompnnenl inivlures of 
other surraclanls. The mohilily of all the surfactants was insii;nin-
eanl on soil, alumina, and silica f>cl. irrespective of the nature of the 
niohile phase. .Some of the surfactants »ere mobile on kieselnuhr. 
Anionji the r i . ( systems studied, kiesclt!uhr-l>.l M amnioniimi snl-
lale was best for achicvinc selective separation of D I A I i from other 
sorfaclanls. A sallin^-out effect on DTAB is reported. The stability 
of the mixture of surfactants on the plate and in solution was also 
evamined. fhe limit of detection of IVi'AH was t)..^ f^> per /one. 
1 Introduction 
C iitioiiK- .siiTi;n.t;uiI.s arc used widely in indiislri i i l to imi iodi t ics, 
in t lud in i ; icMilc SOTICIKTS, pharniacculicii l producl.s. d is int lc-
Uinls, and human hair ai.sinctics. Non-ionic surCactanls, Iv ing 
mi ld dckMgL'nls. ha\c interesting applications in cosmetic prtxl-
ucls and in inierocnmlsion systems. I he capahil i tyot"these stiv-
lactaiits to soluhi l i /c proteins I'roni cells or memhranes u i lhou l 
deslKiying their tertiary structuie has led to their application in 
hiochemical research. Surlaclanls based on simar lesidues are 
c(irrenll\ enjoy ins: popiilaritv both in biochemical applications 
and in industrial uses. 
liecaiise o f this widespread use, analysis o f surraclants has 
assumed much importance. In almost all the uses described 
above the Ibrmulationscontain mixturesofsur laetants. Iheic is. 
llierefbre. al\va\ s a need to develop new methods and techniques 
for separation orsurf'actanls tVoni their ni ixl i ircs. Several analyt-
\ \loli:ii.iiii.Kl iiii.l S l l : i , | . \ii,ilMic,il Kcsi^iuli I ;iSiir;iliir>. IV|Mrlin, 
^pplK•(l< liLiMi-ii>. Mmrirli Muslim I i i iu rs i l ) . Aiituirlj .::(I-^ IHP.. I .1', IIKII,I 
1 iMnil nhi)).niini.i(i:i)i4ii',/ iviiillin;iil.e«>in 
ieal lechniques. for CNample ion-exchange chronialograpliN | i . 
2| . re\ersed-pluise or normal-phase H l ' I .C |.) ( i | , indirecl len 
sanimetrs |7 | . CIC | N - I 2 | . capillary /one and ca[)illai> elec-
trophoresis j l . ' ' l ( i j . niieellar cicclrokinetic chromatoyr,!-
ph> 117|, foam chromatography [18|. and thin-layer chromatog-
raphy 119-26| have been used tor identif ication and qual i ta l i \e 
separation ofsurlaetants. 
Because o f the inherent advantages o f th in- la\cr ehroinalogra-
ph\ ( 1 I.C), for exatuple wider choice o f stationary and mobile 
phases, (lexible detection procedures, ease ot implemenialioi i , 
and because the technique is very economical, many ^^orker^ 
have tised I I (.' as a pilot technique for analysis o f surlaclanls. 
Silica gel |27 }{)\ has been the prelerred stationary pha^c. 
although alujifina |-^1]. kicselguhr 1.^2). cellulose, and oilier 
adsorbents |.vv . i4| have also been used. Most workers ha\e 
used either mixed organic or aqueous iirganie mobile [)ha-ses 
containing an alcohol (methanol, ethatiol, or bulanoll as one ul 
the components |.i.> ^H. AccKuic in combination wi th aqueous 
ammonia (14 \ i ) has also been u.scd l.'''S). M I M I C in eombina-
l ion with miero-siirfaee enhanced A'(w/<»;-.scattering (micro 
SI.RS) has been irsed for in-situ study o f the adsorption behav 
iiM o f cetylpyr idinium chloride on silica gel |.V)|. An interesting 
l l , ( study o f surfaelanls was performed to establish the 
hydrophii ie l ipophilic balance (HI ,B) values o f the Hri j and Ivi-
ton-X series ofsurlaetants |4(lJ. 
No xuirk has been reported on the use o f single-component inoi-
gaiiic salt solutions as mobile phases for analysis ofsurlaetants. 
AltlKHigh planar salting-out chromatography had been used for 
separation o f organic and inorganic substances, both neii l ial 
molecules and ions, to the best o f our knowledge investigations 
involv ing salting-in and salting-oul ellects on surfaelanls have 
not yet been attempted |411. In this study, a salting-out el lecl on 
DTAI? was examined using aqueous ammonium sulfate s<ilution 
as mobile phase. It was found during the course o f the study ihal 
D f A H can be selectively .separated from a mixluie o f cationic 
and noii-ionic surfactants by use o f a simple mobile phase (I). 1 \ i 
aqueous antmonium sulfate). I his is advantageous because il 
protects scientisis and chemists from ex|X>sure to volatile and 
toxic (irgaifie solvents during experimentation. 
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Table 1 
The mobile phases investigated. 
S\ nibcil C'ompohilion 
\ 1 , 
M , 
\ 1 , 
\ 1 , 
\1, 
\^ 
M-
\ 1 . 
\ 1 , 
VI „ 
\( 
\1, 
M 
\ 1 . 
\l 
0.1 M ( M I , ( ( ) N I I , ) 
1.0 M ( N I l . C ' O N I I ) 
0.1 \ i ( N I I J , S ( ) j 
0.5 VI ( M l , ) , S O , 
1 . 0 \ t ( M I , ) , S ( ) j 
1..5 M ( M I : ) , S ( ) j 
2 . 0 M ( N H J , S O , 
2 . 5 \ i ( K I I , ) , S ( ) j 
3 . 0 \ i { N H j , S ( ) j 
0.1 M NH.CI 
0.1 M Nt l ,S , (J . 
0.1 M N l l . N O . 
0.1 M/nS(J_ 
0.1 \ i Mi iSO. 
0.1 \ i ( . u S O , 
2 Experimental 
All ^.•\|Vlilncnt^ WLMC pc i io i i i i cd M ?•() - 2 (. 
2.1 Chemicals and Reagents 
SiliiM pul ( i , iirva. animci i ium ii i lralc. barium chloride, anil 
.ii.<.iii. aciil u i iX ' Iroii i VkTck, India. Kic.sclguhr d . alumina ( i , 
aminmii i im Milt'atc, hismiit l i .suhnitralc. ammonium thiosuHato, 
animoiiiuni chloride, polnssiiim iodide, copper siiHate. man-
ganese sullale, and / inc .sullale were IVom C D I I , India. 
Mcll ianol and hsdrogcn peroxide were from <,)iialigcns, India 
A M I Ion .soil was from Kila n d d . Al iuarh. India. 
I he calionie si irt i i t lanis studied were eely lp \ r id in iu in chloride 
(( l'( I. eet\ I tr imethylanimonium bromide (CI.AH), cetvpxri-
(l inii i in bromide (CI 'B) . tetradeeyllr iniethylammoninm hroinidc 
( I I \ l { ) . cely l t r imethylammohiuni chloride ( I H A ( I, and dode 
i.> l l j in ie lh\ lammonium bromide ( I ) I AM). I'he nonionic .surlac-
lanls studied ue ie Mrij-V^ ( IU-. i5), |{r i j -78 (H,l-78). Urii-<>X (j j. l 
<)8|, Iwcen 20 ( IWOO). (weenOO (CW- 'O) , (•ween-40 (CVV 
4(1). and Cueen-fiO (CVV-W)). 
lesl solutions o f the surlaelanls (0.,5% H'A-) were prepared in 
mellianol. 
2.2 Chromatography 
The stationary phases investigated were alumina ( i , soi l , kiesel-
uiihr ( i , .ind ,siliea y d (1. A I I I applicator (Toshniwal. India) 
^\as used to coat 20 cm ' .1.5 cm gla.ss plalcs with Ihc stationar) 
phases Hie stalionaiy phase (20 g) was honiogeni/ed with 
60 ml double-disl i l led water by constant shaking lor 5 inin and 
the resulting slurry was immediately coaled on ihe plates as a 
0.25 mm layer. The plates were dried at room temperature. After 
dry ing, soil 11.(" plates were stored in a closed chamber at .1(1'( 
beCore use. Silica gel. alumina, and kieseiguhr plates were acti 
valed by healing at lOO- 2''( for I h in an electrically conl iol lcd 
oven. .Alter activation, the plates were cooled to room lem[)era-
lure and then sloreil in a elo.sed chamber at 30-'(.' betbiv use. 
Test solutions (2 g l . ) were applied to the plates, appro\imatel> 
2 cm above the lower edge, by means o f Tripette iWer l l i i im, 
( lermans). Ihe spots were dried at room tempcralurc (."'0 ( ). 
Chiomalogiaphy was perlbnned in 24 cm < 6 em glass jars with 
lids. Ihe mobile pha.ses investigated are listed in Table I. 
Chambers were saturated wi th mobile [ihase vapor tor 10 min 
before introducing the plates. Plates were developed b\ the 
ascending technique; the development distance was fi.xed at 
10 cm. , \ f ler development, plates were withdrawn from the jars, 
dried at room temperature, and a glass sprayer was used ti> apply 
retigent to the plates to locate the positions o f analyle spots. 
Modi f ied I>ni;n'>ulinJt vi^i.\<^i:n\. was used to detect all the surfac-
tants, fhe reagent was [irepared froin two solutions. Solution .\ 
was prepared b\ mixing a solution of bismuth sub nitrate 
( B i O \ 0 , . l l , ( ) . 1.7 g) in acetic acid (20 ml . ) and diluted to 
100 m l . with water wi th a solution o f potassium iodide |65 g in 
200 m l . water) in a 1-1. Mask, adding 20(i m l . acetic acid, and 
di lut ing to 1 I. with double-distil led water. Solution B was pre-
pared b> dissolving barium chloride dihydrate (BaC1.2H.() . 
S').290 g l in I I, water. Solutions .A and B were mixed in the vol-
ume ratio 2:1. A l l the surfactants appeared as orange red spots. 
A'l (W. o f leading edge) and R^ {K, o f trail ing edge) were deter-
mined for each spot and the R^ was calculated as bv use of the 
equation R, (« , A',) ' 0.5. 
f o r selective separation, equal volumes ( I ml.) ol" s<ilutions o f 
1)1 AH and the other surfactants were mixed and 2 j^il o f ll ic 
mixture was applied to kieseiguhr 11.C plates. Ihe plates were 
dcNcloped vvith nuibilc phase VK. Ihe surfactant spots were then 
detected and the A", values o f the separated surfactants weie 
determined. 
\o stud) the effect o f soil organic matter on the tnobilitv o f the 
surfactants, the organic matter was removed from the soil b\ 
adding 20 ml hydrogen peroxide to approximately 20 g soil in a 
beaker. I he mixture wtis left overnight then the .soil was \\ashed 
several times with double-disli l led water and dried al 50 ' ( for 
24 h in an electrically controlled oven. Ihe soil so obtained was 
used to prepare I I . t ' plates atid chromatography was performed 
as described above. 
lo investigate the effect o f different cations and anions on the 
mobil i ty o f the surlaetants, sulfate ion was substituted b\ chlo-
ride, thiosulfate, or nitrate and ammonium ion was substituted 
b\ / inc , manganese, or eop|X'r. Chromatographic studies were 
performed with mobile pha.ses M,,, M , , ( fable 1). 
lo sludv the effect o f surfactant concentration on .sepaiation 
ell lcieney, surfactant ,solutions o f two difTerenl concentrations, 
otic higher than 0.5%, e.g. \%, and one lower than 0.5'!'(i, e.g. 
O.25"o, were chroinatographcd on kieseiguhr ( i w i th mobile 
pha.se M; . 
lo establish the mini tmim and maximum amounts o f 1)1 A B sep 
aiahle from a mixture of surfactants, kieseiguhr Ci 11 ( plates 
were spotted with voliuiies o f 0.5% surfactant .solutions from 0.5 
to .>.5 (if. and chiomatography was perfoimed with mobile 
phase V r . Ihe limit o f detection o f D I A B was delerti i incd b> 
spotting different amounts o f D I A B on the TI .C plates, devel 
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opiivj, llic |ilak-s. and clcict l ing the i.-orrL'spi)ncling ^pois. The 
inelhocl v\:ts repeated wi th suceessivclv decreasinu amoimis ol 
UTAH until IK) s|)ot was detected. The rnininiuiri detectable 
anuHint on the \\X' plates was taken as the l in i i l o f detection. 
The stability o f the color ititensity oC surfactant spots on the 
chronuitourani was observed visually. The developed plates 
wore protected Irom light and the spot intensities were com-
pared at 12-h intervals lor a period of" 100 h. fb inveslitiate the 
slabililv (ageing effect) of the mixtuie of all the surlactanis 
under stud), the mixture was chroinatographcd on kieselguhr Ci 
with mobile phase .M. every 24 h lor 10 days. I he K^ values i i l ' 
the separaletl spots (K^ I ) l,M5 -^  0.66 and /?, o f the others 0.0") 
oiitained after every 24 h were compared vvilli the values 
nbiaincd from the freshly prepared ni ixture. I he reprodiieibil i ls 
o f A'j values v\as checked by delerinining file /<•, o f the same 
sample b\ three independent analysts and b\ the same analyst on 
dilVerenl da\s under identical experimental conditions, in the 
same laboratorv. using the same apparatus. 
3 Results and Discussion 
3.1 General Behavior 
In this study, aqueous solutions o f urea (d. l and 1.0 \ i ) and 
ammoniu\n sulfate ( ( ) . ! , (1.5, 1.0, 1.5. 2.0. 2.5, .vO \ i ) were used 
as mobile phases. I he results revealed several trends. 
W hen urea solutions were used as mobi le phases the surfactants 
ueie adsorbed sironglv by all four stationary phases and usuallv 
remained at the point ofappl icat ion iis highly compact spots. On 
kieselguhr with mobile pha.se M, a tai l ing spot (A', A', - 0..•!; 
R. 0..iS) \ lar l ing from the origin was obtained for 1)1 . \ H . I his 
tailing disappeared \shen M , vvas u.sed as mobile phase, and 
1)1 \H appeared at ttic point o f applicalion as a circular spot. 
When 0.1 .vO \ i aqueous ammonium sulfate solutions were 
used as mobile phases all the surfactants CNcept D I.M) remained 
on (he point ol ap|i l icalion on all the slationarv phases. When M . 
(0.1 M ammonium sulfate) v\as used as mobile phase on kiesel-
guhi ( i . I ) I ,M^ nii ivcd to the middle of the 11,(' plate 
(A', 0.()6). On increasing the concentration of ammonium NUI-
laie lo .^ '.0 \ i it was found that the mobi l i ty (Z ,^ ] o f U f A H on 
kieselguhr decreased vvith increasing anniioniuin sulfate coii-
cenuation. evidence o f a sailing out effect (F igure I ) . 
Ikcaiisc the mobili lv o f D I .AB was inaxi imim on kieselguhr 
with niohilc.phase NT (0.1 vt aqueous aininonium sulfa(e). Ibis 
I I f system was idenl i f icd as most favorable for selective sepa-
ration o f D I . M i (a calionic surfactant) from the complex mix-
ture containing nonionic (Hri j-5X, Hri j-7S. and nr i j -98) and 
calionic ( ( ! ' { . ( I A H . C I 'B . I l A H , and I I I A C ) surfactants. 
I his indicates the pro|x>scd procedure i.s tisefiil for .separation o f 
surfactants wi(h the same charge but wi th different l iydroearUm 
chains. 
When the mixture o f 1)1 A H and flic other surfaciartts under 
study was chrom.itographed, D f A H moved from the origin 
(poinl o f applicalion) lo ihc middle o f the plale {K^ O.Od) leav-
ing the other surfactants near the origin (/<, - (1.0^)). I Inis, I ) I AH 
was selectively separated f r imi the other surfactants. (l-"i<;urc 2). 
II .seems that siirfactanls exist in .solution as ion-pairs, i.e. in a 
molecular form, during flic separation process. 
OC '-' 
0 1 
0 1 0,5 1 1,5 2 2 5 3 
Concentration of ammonium sulfate [M] 
Figure 1 
Effect of ammonium sulfate concentration on Itie mobility of DTAB. 
DT-JiE 0 0 
_Q.„D. A . i : ic; l iar-
Figure 2 
Chromatogram sfiowing the effect of increased loading on the sepa-
ration of DTAB from other surfactants. The concentration of the solu-
tion was 0.5% [wiv). 1, 0.5 pL, 2,1.0 pL. 3. 1.5 pL, 4, 2.0 ^lL, 5, 2.5 |JL, 
6, 3.0 pL, 7, 3.5 \lL. 
During Ihcse skidic.s it was ahvay.s (niss/hle lo separate 0 5 lo 
7.5 uu I) I . \B from a niaximum amount o f 7.5 pg o f all the other 
surfactants. I he l i n i i t o fde tcc t i ono f I) I AH wasO.."! ) ig | ie r /one 
Stability is an impoHant- and essential as|iec1 of validation in 
11,( analysis. Highly sensitive samples should not decompose 
dur ing development o f the chromatogram and should be stable 
in .solution and on the adsorbent. I he intensity o f the spols on 
the chromaiogram should be constant for at least I h. No signif-
icant change in the intensities o f .spots vvas observed after stor-
age o f developed plates, protected from light, lor periods up lo 
72 h, indicating good stability o f the mixture on the adsorbent. 
Hecause no change in the /f, values o f the separated spots vvas 
ob.served when /?, values o f separated .spots obtained from the 
freshly prepared iiii.xture were compared wi th those obtained on 
ten consecutive days, it was concluded the mixture vvas.siitri-
c icnt ly stable. Another inipttrfant property o f a method is its 
reproducibil i ly. defined as the precision under different condi-
tions, for example when the method is performed by ditfcreni 
anaKsts and on difVerent days. I he variation in W, values mea-
sured by three different analysis and by the same analyst on 
three diff'erenf days did not differ by more than 0.15 ( 15"'n) 
from the average K, value, indicating a good reproducibil i ly. 
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Figure 3 
Calibration plot obtained in semi-quantitative analysis of OTAB. 
3.2 Effect of Organic Matter in the Soil 
\\ licii siiil liiMn which organic matter had been rcniovccl \\as 
ii.-,cd as slaiionars pluisc I'or chroiiiatoji iaiihs o l the siirlaclaius. 
the chriiiiuiloL;niphic bchaxior ot" all the sini'aetaiits \sas the 
same a^ mi soil eoiitaininu organic matter. It was therefore ei ' i i -
CIIKICJ ihai under these conditions soil organic matter was ine l -
e\ant. 
3.3 Effect of Surfactant Concentration 
When all the surfaclanls (().25"u M'I-, 1 i i l l were elironia-
lOLirapheil on kieselgnlir with mobile phase M; . the spots were 
either \er\ faint or not visili le. When the same procediiie was 
performed wi th !"'(, (u v) .smlactanl solutions, tai l ing spots were 
ohlained tor all ihe surfactants. It was therefore concluded thai a 
surlaclant tonecntral ioi i o f 0..s"/o was best suited for this slud^. 
3.4 Semi-Ouantitative Determination by Spot-Area 
Measurement 
\ n attempt was made lo perf(>nn semi-quanlilativc analysis o f 
1)1 AH b\ measurement o f sj'xit area. .'\ linear relatitmship was 
obtained between spot area and amount |ng) o f I) I.AI}. I he rela-
tionship was expressed by the empirical ci|ualion ;; k/ii. where 
i: is the area o f the spot, ni the amount o f solute, and k a constant. 
I ifiearitv was maintained up to 200 j ig per spot o f 1)1 A H . .M 
higher conceiilralions a negative de\ iat ion from linearils was 
observed ll-iciire 3). 
3.5 Effect of Cations and Anions 
( a t ions and anions Ivad no signil'icanl efVect on the chromalo-
graphic behavior o f Ihe surfactants when mobile phase M. was 
substituted by mobile pha.ses M,,, lo M.^. 
4 Conclusion 
I he proposed chromatographic procedure enabled selective sep-
.ir.ilion o! 0 1 , \H f rom tUher surfaclanls. Increasing Ihe concen-
iralion o f ammonium sidlate in the mobile pha.se reduced ihe 
mobil i ty o f 1)1 A H . showing a salting-out cHect was occurring. 
Among the various mol>ile phases .studied on kiesclguhr. 0.1 \ i 
ammonium sullale was the best for selective separation. Mea 
suivmeni o f spot-area enabled scmi-ciuamitative determination 
o f D I A B . 
Acknowledgments 
I he authors thank ihe Chairman. I)e|wrtmenl (if Applied ( lieiiv 
istiv lor itrovicling research facilities to perform this work. 
References 
| l | / llinirc. T .Uicihi, iWi.\ II. Kaximiiru. Kiin/oi Chun lUmscki .^ 1 
11')'):) 1 I.S-I2.S. 
\2] M. Jkiii :iiul C .Hull Ilia, .liiigxi lluagong Hi.iiijibu IS (2nt)l) 
445 447, 
CH \l .-Ihcl. ir (;.".;cr /-." Miilnar. and ,V Ihric Cmal, Choni. Acui, 7.t 
(2iii i l i| HM 111. 
|4| ( A ' //,«/7V(»;.;IIKI C-I /.//iT, .1. ClironKUoiir.')56 (^IKI^ i 2_"'." 244, 
j.^l / Yam. I'R ILuhhiiK and .IS liilz. .1. Chrdiiialdgr. 9X5 (2nii!) 
Cs'> "''>.^ , 
|f>| ./ .liuf and / .S7H. Inl. J. Mass SpaMroin 226 (200,5) ',(,>) " s . 
| " | H .Juninlui. I). R^iuiy.y. and ./, Mutlici^, (iaKnnoli.'thniqiies XK 
(l')'J7l .52').^  -'26S, 
|S| \ Inslii,). I lli,k-a. and K Kaoiii. \m\ ( liL-m. .V^  (I 'H'I) 
1524 l.<2'>, 
i''i ,' lc\kii.S lln:onk..l Kniixik. Miti I IcuVr. ,f ( liruiii,iio-r. 114 
I l'>"hi 2'),''> '-(K), 
1 Ui| M ( , liiikava. 1'arli.ieni. KOMTICI, 72 ( I'J'M I Sid SIS. 
| | ! | t/,l l /../,7iv, 1 1 / V«/e. and . /C Kniicl. I'oiviii. Vlalcr. Sci, 69 
(H)')-!) 551 S52, 
| I 2 | v./ .S,,.///«. I'liarm, Hioincd. Anal, « (C'VU) K67 S7li, 
I I ,"51 .1 M llcimo .MiiiniKZ. I-.I'. Simii-.MIiiiisn. aiki d Kiiiiiis Raiii'i--. 
I learophiircsi-, 22 (2001) 2017 2024, 
| I 4 | / r KlitiiiUmovii I f liiiihni. and \ / / lui i. in/. Colliiid i, 65 
(20U.s)244 247. 
|15| / Ciiiri/,1. I C(iia:ciinii. and ,V Dohriiia.s. lalanla. .5.1 120001 
271 275, 
j l l ' l ( l i-j;/. C. I . I . Labor lach/eilsChril.47(2()l),'i).^.sl 555, 
| I 7 | .;. /iu'/erfi/viH»). Chroniaiograin. I I ( IWO) ' ) lH; i l i cm. Absu 
ll.'?(l'WOi2042i(ie 
|l.'<| A \/»^>. I cue. ScOeri. Aiislrithni. 72 (l ' '7| i) |i];2 11157. 
| l " | /<H (-'VcK.v a n i l / ; //fcH/m7;,»r./. Sep. .Sei. 7 (19721 I 15 12';, 
|2(l| /) liiihiw. ,S, Siliniidl. and IHi Kiiliii. I olle Scilcii Anslriehru, 79 
(19771 122 no , 
|21 | // Ihniwchmilci. I'.S/eftiT. and// , llWv/xm/X, 1 cnsidc Suil, Del 
17(I9.S0) 126 129. 
|22| U II liiiiicy and / / Kaul. J. Chronialogr. 471 (I9S9I 1S9 Vx, 
|2,5| (,, Ihihm. Seifcn OeIc Ixlle Wacli.sc ri6 (1990) 275 2K(i. 
|24| r CHrliiiii,\m\ / / / /o , Chmrnalographia. .11 (19911 152 156, 
|25| /. C< Siiiiiiim. I-'. I l;iln>ii<liu'\ui, and ,V, I,' lyiiriiiu. /avod^kava 
I aUiraloria Diagnoslika Vlalerialov, 67 (201)1) 5 K, 
|26| / .<! Siimiiia. SS Shiylin-. and ,V, f,' Tyuiina. .1, ,\nal. (hem, 5S 
(200>)720 710. 
|27| 1/ Kii:iishiy,c. S. Jakclii. Y. .Milieu, and l< Rmoi. Anal, Choni. .15 
(191.5) 21)74 2977. 
350 Journal ol Planar Chromatoqraphy ?0 (^'007) 5 
Separation of Calionic and Nonionic Surfactants 
|2S| ), Ch,::i!i>. S. lukcshi. K. fakahidc. ii[\(i M.K. Silicic Osakit k o - v o |.v>| « Wickhold. I c i l c S c i r c n Ans i r ichm. 70 ( l ' )6X) 6 8 8 - 6 ' P . 
l ) a i y a k i i k i y ( j 2 5 ( 1 9 S 0 ) y 7 106. _ | „ , | ^ Mjyoi^ishi ami M. ,\7.v/»V/«, Yukagaku. 18 (H'd^)) otW " 14. 
\19\ S Akini:»K\ k.C. Gmv>i. .Ada I'harni. lure. 34 { l ' n )2 ) i : i i:f,. | „ | ^: ^, y^^j-^^^^ ^ ,^ , Alc-hceva. Zk.1. licdiiu,, :md A.I CiuTkasski 
| ' i () | . ' <;•('(. .\/. i\>n. anil ./. dutki A Q i : ! C Bo l . Ice. 4J (U>42) NctW IVrcarah. Nol ie C l i lm . 7 (147:1 4.V4.S 
0(>. '•^^ ' • " • |.">K| / /A ' . ,\/<H/,'.;»Wanil /J. Kummtrcck. J.AOCS 39 (1462) 2HI 2 
p . l ] /: ( 'v«7h(/(, .I.C'hroniatour. S c i . 3 1 l 6 ) ( 1 9 > r > ) : : U 224. | j ;() | /. Ko^lii,.). Planar Chromatogr. 6(1) ( I 903 ) 88- ' )2 . 
| i 2 | A' C/(«cv and C;'. (Vw//, Riv. Hal. .Soslan/c Cirass. 43 (l' '(>(i) [401 (.'. AtKimarc, (J. I rapani, .A. Lalrol'a. and ( j . l.iso, A t i a iL-chiiol. 
1-"^ 176. I.egis. Med . 6 ( I ) | I 9 9 , ' ; | . V V 4 I . 
I i."i| r ('H-rhaii. i: :\imclli'Kis\, ami F.. FoixacsJ. Bi i ieheni . H inp lus . | 4 I | TA. Jaiyic. V.M. Zinkovic Radovanovic. and .W.«. CcUip, J. .Serb. 
V l e i h o ( U 3 3 ( 2 ) ( i y % ) S l - 8 8 . Chem.'Soe. 62( 11 ( I W 7 ) 1 17. 
| ^ 4 | /. l\i\Tci!(> and . 1 . I.okur. .Ann. I'ac. Leon. Conimer. 4 ( 1 ' " * ) Ms received. Augasi 11,2007 
281 2>)4. Aeeepled: September 28, 200? 
Journal ol Planar Chromatography 20 (2007) 5 3 5 1 
I WUUlhii' Olliil •'' <'! wyvAv.dciphaririacheniica.colli 
Scholars Research ^ >c„o... .««,.„ Scholars Research Library 
Der Pharma Chemica, 2009,1(2): 113-123 
(hUp:'Jc'ivhiii'nii!iln-ii!i(i!.c()iii. (irc/i/wJi/inij 
• • • » *"M<V 
ISSN 0975-413X 
Use of Carbohydrates as Eluent in Thin Layer Chromatographic 
Separation of Amino acids on Conventional Stationary Phases 
All Mohammad'*' and Nazrul Haq 
Ancilylicul Research Lahoratory. Department of Applied Chemlsliy, Aligarh Muslim University. 
Aligarh. LI. P. India 
Abstract 
Thin layer chromatographie studies of amino acids were performed on three differentially 
charged surfaces of silica gel, alumina and cellulose with 40% aqueous solution of five 
carbohydrates namely dextrose, fructose, maltose, lactose and sucrose. 40% dextrose-alumina 
and 40% dextrose-cellulose TLC systems were identified as most favorable for selective 
separation of glutamic acid and tryptophan from the mixture of other amino acids. In addition to 
this, several combinations of amino acids have been resolved on silica gel and alumina layers 
with 40% dextrose as eluent. The lowest detectable limit of glutamic acid and tryptophan, 
stability of mixtures of amino acids and reproducibility of Rp values were detennined. The 
proposed method is environmentally acceptable because of the use of non-toxic nature of eluents 
used. 
Key words: TLC, amino acids, carbohydrates, eluent, separation 
Introduction 
Because of biological and physiological importance of amino acids, several analytical technique 
such as high performance liquid chromatography [I], gas chromatography [2], thin layer 
chromatography [3], cyclic voltametry [4], electrophoresis [5], viscometric [6] and micellar 
electrokinetic chromatography [7], have been used for their analysis. Among chromatographic 
techniques, thin layer chromatography (TLC) has been the most popular for routine analysis of 
amino acids because of several attractive features such as wider choice of mobile and stationary 
phases, flexibility in sample detection, the open and disposal nature of thin layer 
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chromatographic plates, low solvent consumption, minimal sample clean up, reasonable 
resolution power and the ability to handle large number of samples simultaneously. 
The extensive survey of literature of last twenty years on TLC of amino acids reveals that most 
of the studies performed so far include the use of eluents belonging to the following main groups 
[8-28] 
1. Organic solvents (urea , carboxylic acids, alcohols, ketones, dimethyl sulphoxide, ethyl 
acetate, heptanes, chlorofomi, pyridine, benzene, toluene , xylene, carbon tetrachloride, 
methylene dichloride and their mixture). 
2. inorganic solvents (aqueous solvents of Li, Na, K, Rb and Cs salts). 
3. Mixed aqueous-organic solvents (alcohols, ketones, acetonitrile, chlorofonn, and/or 
pyridine mixed with water, acetate buffer and carboxylic and mineral acids). 
4. Chiral solvents (a or P- cyclodextrin and ethyl (s) - (+) - lactate). 
5. Surfactant mediated solvents (aqueous solutions of (2- ethyl hexyl) sodium, 
sulfosuccinate, sodium dodecyl sulphonate and N- cetyl N,N, N-tri methyl ammonium 
bromide and their microemulsions). 
Of the above eluents, organic and mixed aqueous-organic solvent systems have been found most 
useful for the separation of amino acids. However, the toxic nature of most of the solvents 
imposes a restriction on their frequent use. Though inorganic solvent systems are not as toxic as 
organic solvent systems but they are not capable to resolve the multicomponent mixtures of 
amino acids. Surfactant mediated solvent systems are quite complex and hence the interpretation 
of the chromatographic behavior of analyte becomes difficult. To the best of our knowledge, so 
far there have been only two studies [29-30] with carbohydrates other than cyclodexdextrin as a 
component of mobile phase. 
It was, therefore, worthwhile felt to study the chromatographic behavior of amino acids through 
differentially charged surfaces of alumina, silica gel and cellulose using aqueous solutions of 
carbohydrates as eluents. The major advantage of these eluents is that they are non-toxic and 
ccofriendly and also worth mentioning is the simplicity of these systems (monocomponent 
nature). Another reason for selecting these carbohydrates as mobile phase was the 
physiologically important interaction of amino acids and sugars (in the formation of 
glycoproteins) and formation of amino acid-sugar adducts [31]. 
Based on the differential migration, we have obtained some important separations of amino acids 
on silica gel and alumina with 40% dextrose as eluent in addition to the selective separation of 
glutamic acid and tryptophan from other amino acids on alumina and cellulose stationary phase 
respectively with fructose as mobile phase. 
Results and Discussion 
In this study, 5-50% aqueous solutions of five carbohydrates namely dextrose, fructose, sucrose, 
maltose and lactose were used as mobile phases and three differentially charged surfaces viz; 
alumina G (neutral and inorganic surface),silica gel G (acidic and inorganic surface) and 
cellulose(neutral and organic surface) were used to observe the mobility trend of amino acids. 
Mobility (Rp) of all amino acids studied with 5-35% solution of carbohydrates was in the range 
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of 0.94-1.00. So, these eluents were not useful for chromatographic studies. Similarly, eluents 
with carbohydrate concentration greater than 40% were found not useful for separation because 
there was very slight change in the Rp of amino acids. So, 40% aqueous solution of these 
carbohydrates was selected for chromatography. The results obtained for the mobility of amino 
acids on SI-S3 stationary phases are presented in Tables 1-3. 
Table 1: Mobility of amino acids on cellulose (SI) TLC plates with aqueous solution of 
carbohydrates as mobile phase. 
Mobile phase 
Amino acids 
i 
Leucine 
Norleucine 
Isoleucine 
Valine 
Proline 
Alanine 
Tryptophan 
Methionine 
Glutamic acid 
Serine 
Tyrosine 
40% dextrose 
0.95 
0.93 
0.95 
0.96 
0.93 
0.92 
0.68 
0.92 
0.92 
0.92 
0.88 
40% fructose 
0.93 
0.92 
0.93 . 
0.97 
0.94 
0.94 
0.52 
0.95 
0.88 
0.91 
0.76 
40% sucrose 
0.87 
0.95 
0.94 
0.96 
0.87 
0.89 
0.72 
0.91 
0.93 
0.83 
0.83 
40% lactose 
0.95 
0.95 
0.93 
0.95 
0.90 
0.91 
0.75 
0.94 
0.93 
0.92 
0.84 
40% maltose 
0.93 
0.95 
0.95 
0.96 
0.92 
0.93 
0.76 
0.94 
0.89 
0.92 
0.80 
Table 2: Mobility of amino acids (a) on alumina (82) TLC plates with aqueous solution 
carbohydrates as mobile phase. 
Mobile phase 
Amino acids | 
Leucine 
Norleucine 
Isoleucine 
Valine 
Alanine 
Tryptophan 
Methionine 
Glutamic acid 
Serine 
Tyrosine 
40% dextrose 
0.56 
0.58 
0.59 
0.60 
0.51 
0.24 
0.39 
0.29 
0.30 
0.36 
40y()fructose 
0.50 
0.55 
0.58 
0.64 
0.55 
0.54 
0.49 
0.22 
0.35 
0.55 
40% sucrose 
0.61 
0.53 
0.53 
0.52 
0.46 
0.44 
0.40 
0.28 
0.25 
0.41 
40% lactose 
0.50 
0.50 
0.49 
0.65 
0.48 
0.29 
0.44 
0.22 
0.24 
0.37 
40% maltose 
0.58 
0.63 
0.64 
0.64 
0.52 
0.29 
0.49 
0.20 
0.32 
0.30 
(a) Proline could not be detected on alumina layer 
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On neutral and organic cellulose stationary phase (SI), all amino acids, irrespective of 
polarity/charge, due to lack of ionic interaction with the stationary phase, show Rp in the range of 
0.85-1.00 except tryptophan and tyrosine (Table 1). Tyrosine has slightly lower Rp than other 
amino acids. Amongst all amino acids, tryptophan shows lower Rp (0.50-0.75) with all eluents. 
This may be due to the formation of sugar-tryptophan adduct [31]. 
From Table 2, it is clear that all non-polar amino acids except methionine and tryptophan show 
Ri in the range of 0.50- 0.65 on alumina (S2).A11 polar amino acids are strongly adsorbed and 
show lower Rr as compared to non-polar amino acids. This may be due to the interaction of polar 
group of these amino acids with alumina which has got high adsorption efficiency. Tryptophan, 
due to the reason stated above is showing still lesser mobility. Methionine with thioether linkage 
in its molecule interacts with alumina showing less mobility. Table 3 shows the mobility of 
amino acids on silica gel (S3) stationary phase. 
Table 3: Mobility of amino acids on silica gel (S3) TLC plates with aqueous solution of 
carbohydrates as mobile phase. 
Mobile phase 
Amino acids j 
Leucine 
Norleucine 
Isoleucine 
Valine 
Proline 
Alanine 
Tryptophan 
Methionine 
(ilutamic acid 
Serine 
Tyrosine 
40% dextrose 
0.64 
0.65 
0.70 
0.85 
0.65 
0.98 
0.84 
0.76 
0.98 
0.96 
0.93 
40%fructose 
0.67 
0.67 
0.67 
0.78 
0.69 
0.87 
0.84 
0.80 
0.97 
0.86 
0.96 
40% sucrose 
0.69 
0.62 
0.65 
0.83 
0.67 
0.81 
0.79 
0.76 
0.87 
0.78 
0.71 
40% lactose 
0.69 
0.70 
0.70 
0.75 
0.73 
0.82 
0.86 
0.79 
0.95 
0.97 
0.92 
40% maltose 
0.81 
0.78 
0.71 
0.85 
0.73 
0.81 
0.84 
0.80 
0.85 
0.73 
0.85 
From the results presented in Table 3, it is clear that all non -polar amino acids except alanine 
show Rp in the range of 0.60-0.85 on silica gel 'G' (S3) stationary phase. Alanine shows slightly 
higher Ri (0.81-0.98). This behavior of alanine may be attributed to the absence of any extra 
ioni/able group in its structure. All polar amino acids have higher mobility as compared to non-
polar amino acids. 
The comparative mobility pattern of all amino acids examined with Ml and M2 mobile phases 
on all stationary phases SI-S3 has been presented in Figures 1 and 2. 
From these figures, it is clear that amino acids are more strongly adsorbed on alumina compared 
to other stationary phases. This is due to the fact that the most important interaction affecting 
sample retention on the surface of the stationary phase in planar chromatography is the hydrogen 
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bonding [32] and mean hydroxyl group density of alumina is about 13|imol/m" [33] whereas 
mean hydroxyl group density of silica gel is about 08|imol/m' [34]. 
1.2 
1 
0.6 
0.4 
0.2 
n n n 
j - i n r-i n 1 1 1 1 1 1 
• si; 
• S2 
• S3 
Al A2 A3 A4 A5 A6 A7 A8 A9 A10A11 
Amino acids 
Figure I: Comparative mobility of amino acids on S1-S3 stationary phases with Ml mobile 
phase. 
RFO.6 
Al A2 A3 A4 A5 A6 A7 A8 A9 A10A11 
Amino acids 
Figure 2: Comparative mobility of amino acids on S1-S3 stationary phases with M2 mobile 
phase. 
Because the mobility of glutamic acid on S2 and tryptophan on SI stationary phase is quite 
different from all other amino acids under study when M2 was used as eluent, S2-!Vt2 and SI-M2 
TLC systems were identified as the most favorable TLC system for selective separation of 
glutamic acid and tryptophan from the complex mixture containing amino acids of different 
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bonding [32] and mean hydroxyl group density of alumina is about 13)amol/m' [33] whereas 
mean hydroxyl group density of silica gel is about 08)imol/m" [34]. 
R 
1.2 
1 
^0.8 
0.6 
0.4 
0.2 
0 I • S1j • S2 a S3 
Al A2 A3 A4 A5 A6 A7 A8 A9 A10A11 
Amino acids 
Figure I: Comparative mobility of amino acids on S1-S3 stationary phases with Ml mobile 
phase. 
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Figure 2: Comparative mobility of amino acids on S1-S3 stationary phases with M2 mobile 
phase. 
Because the mobility of glutamic acid on S2 and tryptophan on SI stationary phase is quite 
different from all other amino acids under study when M2 was used as eluent, S2-M2 and S1-M2 
TLC systems were identified as the most favorable TLC system for selective separation of 
glutamic acid and tryptophan from the complex mixture containing amino acids of different 
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nature. When the mixture of glutamic acid and other amino acids under study were 
chromatographed with S2-M2 TLC system, other amino acids moved from the origin (point of 
application) to the middle of the plate(Rr^ 0.56) leaving glutamic acid near the 
origin(Rr=0.26).Thus, glutamic acid was selectively separated from other amino acids. It seems 
that amino acids exists as ion- pairs, i.e., in a molecular fonn during the separation process. 
Similarly, tryptophan was selectively separated from other amino acids on S1-M2 TLC system. 
But here tryptophan moved up to the middle of the plate(RF=0.54) while mixture of all amino 
acids moved up to the top of the plate(RF=0.82) with the eluant. 
As a result of the differential migration of amino acids on SI-S3 layers with Ml andM2 eluents, 
various combinations of amino acids were resolved from their complex mixtures. The 
experimentally achieved separations of amino acids belonging to the same group or different 
groups have been summarized in Table 4. 
Table 4: Separations of amino acids experimentally achieved on different stationary phases 
(S.P) with various mobile phases (M.P). 
S.P 
Silica gel 
Silica gel 
Silica gel 
Alumina 
Alumina 
M.P 
40% 
dextrose 
40% 
dextrose 
40% 
dextrose 
40% 
fructose 
40% 
dextrose 
Amino acids separated 
Valine(0.83)- Leucine (0.63),Valine(0.84)-
Norleucine(0.67), Valine(G.84)- lsoleucine(0.71), 
Alanine(0.95)- Proline(0.65), Alanine{0.95) -
Leucine(0.67), Alanine(0.95) - Norleucine(0.66), 
Alanine(0.93) - Isoleucine(0.65), Alanine(0.96) -
Valine(0.84), Alanine(0.95) - Methionine(0.77) 
Glutamic acid(0.98)- Leucine (0.65), Glutamic 
acid(0. 96) - Norleucine(0.66), Glutamic acid(0. 
97) - Isoleucine(0.72), Glutamic acid(0. 97) -
Valine(0.85), Glutamic acid(0. 95) -
Methionine(0.76), Glutamic acidlO. 97) -
Proline(0.66) 
Serine(0.94) -Proline(0.68), Tyrosine(0.93) -
Proline(0.65), Serine(0.93) - Leucine (0.67), 
Serine (0.95) -Norleucine(0.65), Serine(0.93) -
Isoleucine(0.72), Serine(0.94) - Valine(0.80) 
Serine(0.93)-Methionine(0.76) 
Glutamic acid(0.98)- Other amino acids(0.56) 
Leucine (0.54)- Tryptophan(0.25), Leucine (0.55)-
Tyrosine(0.33), Leucine (0.58)- Serine(0.27), 
Norleucine(0.55)- Serine(0.28), lsoleucine(0.50)-
Serine(0.28), Valine(0.60)- Serine(0.30), 
Valine(0.55)- Tyrosine(0.35), Isoleucine(0.57)-
Remarks 
Intra group 
separation of 
non polar 
amino acids 
Inter group 
separation of 
acidic amino 
acids from non 
polar amino 
acids 
Inter group 
separation of 
non polar 
amino acids 
from polar 
amino acids 
Selective 
separation of 
glutamic acid 
from other 
amino acids 
Inter group 
separation of 
non polar 
amino acids 
from polar 
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Cellulose 
Alumina 
40% 
fructose 
40% 
dextrose 
Tyrosine(0.32), Norleucine(0.55)- Tyrosine(0.36), 
Valine(0.58) - Tryptophan(0.26),Isoleucine(0.6i)-
Tryptophan(0.23),Norieucine(0.56)-
Tryptophan(0.25) 
Tryptophan(0.54)- Other amino acids(0.82) 
Leucine (0.58)- methionine(0.34), 
Norleucine(0.55)- methionine(0.35), 
Isoleucine(0.59)- methionine(0.37), Valine(0.59)-
Methionine(0.39) 
amino acids 
Selective 
separation of 
tryptophan 
from other 
amino acids 
Inter group 
separation of 
acidic amino 
acids from non 
polar 
hydrophobic 
amino acids 
The lowest possible detectable amounts of tryptophan and glutamic acid with S1-M2 and S2-M2 
TLC systems were 0.1 S^g and 0.20 ng/spot, respectively. 
Stability is an important and essential aspect of validation in thin layer chromatographic analysis. 
Highly sensitive samples should not decompose during development of the chromatogram and 
should be stable in solution and on the adsorbent. The intensity of spots on the chromatogram 
.should be constant at least for Ih. No significant change in the intensities of the spots was 
observed after storage of developed plates, protected from light for periods up to 72h, indicating 
good stability of the mixture on the adsorbent. 
Because no change in the Rr values of the spots was observed when Rp values of spots obtained 
from the freshly prepared solutions were compared with those obtained on 30 consecutive days, 
it was concluded that the solutions were sufficiently stable. 
Another important property of the method is its reproducibility, defined as the precision under 
different conditions, for example when the method was perfonned by different analysts and by 
the same analyst on different days. The variation in Rp values of individual amino acids 
measured by three different analysts and by the same analyst on three different days did not 
differ by more than 0.15(±15%) from the average Rp value indicating a good reproducibility. 
Effect of surfactanl in the mobile phase 
Surfactant was found to have a positive effect on the mobility of amino acids when present in 
mobile phase. CTAB enhanced the mobility of all amino acids by 1.5-11% [35]. 
Effect of metals 
No significant effect on the mobility of amino acids was observed with any of the metal solution 
in the mobile phase. 
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Effect of organic additives 
Organic additives increased the mobility of all amino acids up to 10%.This may be due to the 
increased solubility of amino acids in organic solutions. 
Material and Methods 
Experimental: All experiments were performed at 30 ± 1 °C. 
2.1 . Apparatus 
A thin layer chromatographic applicator (Toshniwal, India), 20cm x 3cm glass plates and 24cm x 
6cm glass jars were used for the development of chromatographic plates. A glass sprayer was 
used to spray reagent on the plate to detect the spot. Tripette (Werthlim, Germany) was used for 
spotting of analyte. 
2.2. Chemicals and reagents 
Silica gel ' G \ alumina (neutral) ' G \ cellulose 'G', N-cetyl N,N,N-trimethyl ammoniumbromide 
(CTAB), potassium nitrate, cadmium nitrate, aluminium nitrate and amino acids (CDH, India), 
maltose, fructose, sucrose, dextrose, lactose propanol, acetone, and acetonitrile (Merck, India) 
were used. 
2.3. Amino acids studied 
Amino acids MoU wt. 
Non-polar amino acids 
Leucine(A 1) 
Norleucine 
(A2) 
isoleucine 
(A3) 
Valine(A4) 
Proline(A5) 
Alanine(A6) 
Tryptophan 
(A7) 
Methionine 
(A8) 
Polar uncharg 
Serine(A9) 
Tyrosine 
(AID) 
131 
131 
131 
117 
115 
85 
204 
149 
cd 
Acidic 
Glutamic 
acid(All) 
Extra 
ionizable 
group 
present 
Pyrollidine 
Indole group 
Thioether 
group 
Hydroxy! 
group 
Phenol 
Y-carboxyl 
group 
pKi of «-
c o o -
group 
2.4 
2.4 
2.4 
2.3 
2.0 
2.3 
2.4 
2.3 
2.2 
2.2 
2.2 
pKi of a-
NH.,-
group 
9.6 
9.6 
9.7 
9.6 
10.6 
9.7 
9.4 
9.2 
9.2 
9.1 
9.6 
pKj of extra 
ionizable 
group 
10.1 
4.3 
P« 
6.0 
6.0 
6.1 
6.0 
6.3 
6.0 
5.9 
5.8 
5.7 
5.7 
5.9 
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2.4. Test solutions 
The test solutions (1% w/v) of all the amino acids under study were prepared by dissolving 
appropriate weight (0.1 g) in double distilled water (10 ml). 
2.5. Detector 
Amino acids were detected using 0.3 %( w/v) ninhydrin solution prepared in acetone. 
2.6. Stationary phases 
The stationary phases investigated were Si (Cellulose 'G'), S2 (Alumina 'G') and S3 (Silica gel 
'G'). 
2.7. Mobile phases 
40% aqueous solutions of carbohydrates viz; dextrose, fructose, maltose, sucrose and lactose and 
1:1 v/v mixtures with aqueous solution of surfactant, aqueous solutions of metal salts and 
organic solvents were used to investigate the mobility trend of amino acids. 
S.No 
1 
2 
3 
4 
Mobile phase 
Aqueous carbohydrates 
solution 
Mixed aqueous 
carbohydrates-metal salt 
solution 
Mixed aqueous 
carbohydrates- organic 
solution( 1.1) 
Mixed aqueous 
carbohydrates-surfactant 
solution 
Composition 
40% aqueous solutions of dextrose(M I), 
fructose (M2), sucrose (M3), maltose(M4) and 
lactose(M5) 
M1 + 5% KNO?(M6), M1 + 5% CdNOjCM?), M1 + 5% 
Al2N03(M8) 
Ml + propanol. Ml + acetone. Ml +acetonitrile 
Ml +CTAB 
2.S. Preparation of TLCplates 
A TLC applicator (Toshniwal, India) was used to coat 20cm x 3cm glass plates with the 
stationary phases. The desired stationary phase (20g) was homogenized with 60 ml double 
distilled water by constant shaking for 5 min and the resulting slurry was coated immediately 
onto 20cm x 3cm glass plates as a 0.25mm layer by means of a TLC applicator. The plates were 
dried at room temperature. After drying, the plates were activated by heating at 100 ± 1 "C for 1 h 
in an electrically controlled oven. After activation, the plates were cooled to room temperature 
and then stored in a closed chamber (30 "C) before use. 
2.9. Procedure 
Thin layer chromatography was performed on silica gel, alumina and cellulose layers in glass 
jars. Test solutions (0.050 nl) were applied by means of a tripette (Werthlim, Germany) 2cm 
above the lower edge of the plates. The spots were dried at room temperature (30"C). 
Chromatography was performed in 24cm x 6cm glass jars with lids. Chambers were presaturated 
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with mobile phase vapour for lOmin. before introducing the plates for development. The plates 
were developed in the chosen solvent system by the ascending technique. The solvent ascent was 
fixed 10cm from the point of application in all cases. After development, the plate was 
withdrawn from glass jars and dried at room temperature, and a glass sprayer was used to apply 
the detector (ninhydrin) to the plates to locate the positions of analyte spots. All amino acids 
except proline appeared as violet spots on heating TLC plates for 15-20min. at 60 "C, proline 
appears as yellowish spot. The retention sequence of amino acids by different stationary phases 
under different experimental conditions was measured in tenns of retardation factor (i.e. Rp 
value). For determining Rp value, the RL (Rp of leading front) and RT(RP of trailing front) values 
for each spot were determined and overall the Rr value was calculated as 
Rr = (RL + R T ) X 0 . 5 
For the mutual separation of clo-sely related amino acids, equal volumes of amino acids to be 
separated were mixed and 0.050 )il of the resultant mixture was loaded on TLC plates. The plates 
were developed to 10cm height with 40% aqueous dextrose solution (Ml), the spots were 
detected and the Rp values of the separated amino acids were determined. 
2.10. Limit of detection 
The limit of detection of glutamic acid and tryptophan was determined by spotting different 
amounts of these amino acids on the TLC plates coated with alumina (S2) and and cellulose 'G' 
(SI), developing the plates with M2 mobile phase and detecting the corresponding spots. The 
method was repeated with successively decreasing amounts of tryptophan and glutamic acid 
until no spot was detected. The minimum detectable amounts of amino acids were taken as limit 
of detection. 
2.11. Chromatographic parameters 
The stability of the colour intensity of amino acid spots on the chromatogram was observed 
visually. The developed chroniatoplates were protected from light and the spot intensities were 
compared after every 12h for a period of lOOh. 
To investigate the stability (ageing effect) of mixture of amino acids under study, the mixture 
was chromatographed using Ml - S3 system after every 24h for the duration of 10 days. The Rp 
values of amino acids so obtained after every 24h interval were compared with the values 
obtained from the freshly prepared mixture of amino acids. 
The reproducibility of Rp values was checked by determining the Rp of the same sample by three 
independent analysts and by the same analyst on different days under identical experimental 
conditions, in the same laboratory, using the saine apparatus. 
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Abstract 
A new green thin layer chromatographic system comprising of biphasie alumina-keisclguhr (1:1) 
as stationary phase and equal volume mixture of 1% (w/v) aqueous solution of cationic 
surfactant (cetylpyridinium bromide) and nonionic surfactant (Brij-35) in 1:1 ratio as mobile 
phase has been proposed for the analysis of ionic (anionic and cationic) dyes. From the point of 
view of resolution of dyes, mixed alumina-keiselguhr has been found more effective than it's 
individual components. In the same way, synergism between cationic and nonionic surfactant 
proves to be more efficient for the separation of dyes from their quaternary mixture than the 
individual surfactants. Effect of presence of heavy metal cations as impurities in the sample on 
the separation was examined. The limits of detection of bromocresol green, malachite green, 
rhodamine B and congo red were 0.27, 0.19 , 0.21 and 0.23 ng respectively. Chromatographic 
parameters like ARr, separation factor (a) and resolution (Rs) were calculated for the separation 
of bromocresol green- malachite green- rhodamine B-congo red. The proposed method is simple, 
rapid and free from the use of volatile organic solvents. 
Key words: Thin layer chromatography, surfactant, green eluents, separation, dyes. 
Introduction 
Identification of a commercial dyestuff as a known dye or mixture of dyes is important for users 
of dyestuffs, public analysts and chemical examiners in customs laboratories. Because of the 
very large number of dyestuffs marketed under a much larger number of names, the problems of 
identification and analysis have become exceedingly complex. 
Thin layer chromatography (TLC) has rapidly grown in its status in recent years and has 
emerged out as an indispensable analytical technique for rapid and efficient analysis of a variety 
of substances in complex matrices including agrochemicals fl,2], amino acids [3-51 and 
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synthetic dyes [6-8]. Amongst the methods available for the analysis of synthetic dyes, TLC 
(both nonnal and reversed phase) is the most useful technique due to (i) low cost, (ii) minimal 
sample clean up, (iii) wider choice of mobile phases, (iv) flexibility in sample detection, (v) high 
sample loading and (vi) easy handling. 
Most of the reported TLC methods for the analysis of dyes involve the use of mixed organic 
solvent systems containing methanol, acetone, ethanol, butanol, ethyl acetate and hexane as one 
of the components whereas little work has been reported on the use of micellar mobile phases [9-
11]. Surfactants modified TLC is a promising method and has found wider applications [12-19], 
An interesting study on the use of aqueous micellar solutions as mobile phase systems in RP-
TLC of fluorescein dyes was reported by Shtykov et al. [1 1]. Their study reveals the following 
facts. 
(a) Micellar mobile phases (MMP) based on ionic (cationic and anionic) surfactants are suitable 
for the separation of dyes. 
(b) Compared to use of conventional organic aqueous mobile phase, separation with MMP is 
quicker and more convenient. 
(c) Micellar mobile phases comprising of cetyltrimethylammonium bromide (cationic surfactant) 
and sodiumdodecyl sulphate (anionic surfactant) are very useful in promoting spot compactness 
and mobility of dyes enabling better separation of pairs of dyes. 
In most commercial applications, mixtures of surfactants, rather than individual surfactants, are 
used. In some other cases, different types of surfactants are purposely mixed to improve the 
properties of the final product. Although the existence of synergistic relations between certain 
types of surfactants has been known and utilized for many years, the investigation of synergism 
in TLC is a recent development based upon a simple, convenient method for measuring 
molecular interactions between surfactants. All the mixtures of surfactants show more attraction 
(or less repulsion) after mixing. To our surprise, in spite of several advantageous features such as 
non-toxicity, non volatility, non-inflammability, non-aggressiveness, high-biodegradability and 
cost effectiveness, full potential of mixed surfactant system as an eluent for TLC analysis of 
dyes has not been exploited. 
The aim of this .study was to develop new environmental friendly TLC systems comprising of 
surfactants as green eluents for studying the mobility pattern of dyes and selection of the best 
possible combination of stationary and mobile phases for the resolution of dyes from their 
binary, ternary and quaternary mixtures. Surfactants solutions at concentration level above their 
critical micellar value (CMC) were deliberately used because above CMC value, surfactants 
form micelles which selectively solubilize hydrophobic and hydrophilic compounds. 
Materials and Methods 
Experimental 
All experiments were performed at 30 ± 1"C, 
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2.1 Apparatus: 
A thin layer chromatographic applicator (Toshniwal, India) was used for coating layer materials 
(silica gel, alumina and keiselguhr and their binary mixtures ) onto 20 cm x 3 cm glass plates. 
The chromatography was performed in 24 cm x 6 cm glass jars. Tripette (Werthlin, Germany) 
was used for spotting of analyte. 
2.2 Materials and Methods: 
Anionic dyes (Xylenol orange, Dl; bromocresol green, D2; congo red, D3; alizarin red S, D4; 
pyrocatechol violet, D5), and cationic dyes (malachite green, D6; methylene blue, D7; brilliant 
green. D8; rhodamine B, D9; crystal violet, DIO) were purchased from CDH, India. Silica gel 
'G', alumina (neutral), keiselguhr 'G', sodium deoxycholate (NaDC), Brij-35, Brij-78, 
cetylpyridinium bromide (CPB), cetylpyridinium chloride (CPC), cetyltrimethyl ammonium 
bromide (CTAB), acetone, butanol, and fomiic acid were from Merck, India. 
2.3 Test solutions; 
All dyes except xylenol orange 0.2% (w/v) were used as 0.1% (w/v) solutions in water plus 
methanol (1:1). 
For metal cations ( Zn"' , Cd"', Ni' ' , Co"', Fe"') I % (w/v) solutions of their chloride, nitrate, 
or sulphate salts were used. 
2.4 Stationary phases: 
Code 
SI 
S2 
S3 
S4 
2.5 Mobile phases: 
Code 
Ml 
M2 
M3 
M4 
M5 
M6 
M7 
M8 
M9 
MIO 
Composition 
Silica gel 'G' 
Alumina neutral 'G' 
Keiselguhr 'G' 
Alumina + Keiselguhr (1:1) 
Compostion 
1% (w/v) Aqueous CPB 
1% (w/v) Aqueous NaDC 
1% (w/v) Aqueous Brij-35 
Ml +M3(I:1) 
1 % (w/v) Aqueous CPC + M3 (1:1) 
1 % (w/v) Aqueous CTAB + M3 (I: I) 
I % (w/v) Aqueous CPB + Brij-78 (1:1) 
M4 + acetone (1:1) 
M4 + formic acid (1:1) 
M4 +butanol (1:1) 
2.6 Preparation of TLC Plates: 
The desired stationary phase (20 g) was homogenized with 60ml double distilled water by 
constant shaking for 5 min. and the resulting slurry was coated immediately onto 20 cm x 3 cm 
glass plates as 0.25 mm thick layer by means of a TLC coater (Toshniwal, India). The plates 
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were dried at room temperature. After drying, the plates were activated by heating at 100 ± i"C 
tor Ih in an electrically controlled oven. After activation, the plates were cooled to room 
temperature and then stored in a closed chamber (30"C) before use. 
2.7 Procedure: 
Thin layer chromatography was performed on plates of silica gel, alumina, keiselguhr and their 
mixtures in different ratios in glass jars. Test solutions (0.050 ^1) were applied by means of a 
tripette (Werthlin, Germany) 2 cm above the lower edge of the plates. The spots were dried at 
room temperature (30°C). Chromatography was performed in 24 cm x 6 cm glass jars with lids. 
Chambers were presaturated with mobile phase vapour for 10 min. before introducing the plates 
for development. The plates were developed in the chosen solvent system by the ascending 
technique. The solvent ascent was fixed 10 cm from the point of application in all cases. After, 
development, the plates were withdrawn from glass jars and dried at room temperature, dyes 
were detected visually according to their original colour. The retention sequences of dyes by 
different stationary phases under different experimental conditions were measured in terms of 
retardation factor (i.e. Rr value). For determining Rr value, the Ri (Rr of leading front) and Rj 
(Ri of trailing front) values of each spot were determined and overall RF value was calculated as: 
Rr = (RL+RT)x0.5 
2.8 Separation: 
For the mutual separation, equal volumes (1 ml each) of dyes to be separated were mixed and 
0.05 \x\ of the resultant mixture was loaded onto the selected stationary phase. The plates were 
developed in aqueous solution of surfactants as mobile phase (M1-M4), the spots were self 
detected due their inherent colour and the Rp values of the separated dyes were determined. 
2.9 Effect of metal cations: 
Dyes being amphipathic molecules, their chromatographic behaviour is supposed to change in 
the presence of metal cations. Therefore, it was felt worthwhile to observe the effect of heavy 
metal cations (Zn'', Cd'', Ni^', Co"', Fe ' ) as an additive on the separation of quaternary 
mixtures of dyes. For investigating this, an aliquot (0.05 ^L) of additives (1% aqueous solution) 
was .spotted along with the mixture (0.050 ^L) of dyes and chromatography was performed as 
described earlier. The spots were self detected and the Rp values of separated dyes were 
determined. 
3.0 Chromatographic Parameters: 
The stability of the colour intensity of dye spots on the chromatogram was observed visually. 
The developed chromatoplates were protected from light and the spot intensities were compared 
visually after every 12 h for a period of 100 h. 
To investigate the stability (ageing effect) of mixture of dyes under study, the mixture (binary, 
ternary and quaternary) was chromatographed as described earlier after every 24 h for the 
duration of 10 days under similar experimental conditions. The Rp values of dyes so obtained 
after every 24 h interval were compared with the values obtained from the freshly prepared 
mixture of dyes. 
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The reproducibility of RF values was checked by determining the Rpof the same sample by three 
different analysts and by the same analyst on different days under identical experimental 
conditions, in the same laboratory, using same apparatus. 
3.1 Effect of replacement of CPB with other cationic surfactants: 
In order to examine whether the charge of the surfactant or any specific moiety of surfactant is 
playing role in the separation of dyes, CPB in M4 was replaced by CPC and CTAB and the 
resultant mobile phase (M5 and M6 respectively) were used to chromatograph using S4 as 
stationary phase. 
3.2 Effect of replacement of Brij-35 with other anionic surfactant: 
To study the role of carbon chain length of the nonionic surfactant in the separation process, 
Brij-35 was substituted by higher member of the same series i.e. Brij- 78 (M7) in the mobile 
phase and chromatography of the mixture of dyes was performed as described above. 
3.3 Role of organic additives in the mobile phase: 
Dyes, being organic molecules, their chromatographic behavior are supposed to change in the 
presence of organic solvents in the mobile phase. Therefore, to ascertain this, organic solvents 
like acetone, formic acid and butanol was added in the mobile phase M4 in equal proportion and 
the resultant solutions M8, M9 and MIO respectively were used as eluent to study their effect on 
the separation of quaternary mixture of dyes. 
3.4 Limit of Detection: 
The limits of detection of bromocresol green, malachite green. Rhodamine B and congo red was 
determined by spotting different amounts of these dyes on S4 TLC plates, developing the plates 
with mobile phase (M5) and detecting the corresponding spots visually. The method was 
repeated with successively decreasing amounts of bromocresol green, malachite green, 
rhodamine B and congo red until no spot was detected. The minimum detectable amounts of 
these dyes were taken as limits of detection. 
Results and Discussion 
The results of this study have been summarized in Tables 1-4. The interesting features of this 
study are: 
i) FIxploitation of the chromatographic property of mixture of two different adsorbents. 
ii) Enhanced separation efficiency of the eluent due to the synergistic effect of the mixture of 
surfactants. 
iii) Absence of corrosive, volatile and toxic organic chemicals in mobile phase thus making the 
TLC study 'green'. 
iv)Mutual separation of dyes from their multicomponent mixtures including the quaternary 
separation of bromocresol green-malachite green- rhodamine B-congo red. 
v) Study of various chromatographic parameters. 
vi)Application of the proposed chromatographic system. 
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In order to examine the mobility sequence of dyes on adsorbents of different/varying nature, 
dyes were chromatographed on plain silica gel 'G' (SI), plain alumina 'G'(S2), and plain 
kciselguhr 'G' (S3) using 1% (w/v) aqueous solutions of cationic (CPB, Ml), anionic (NaDC, 
M2) and nonionic (Brij-35, M3) surfactants as eluents. Results obtained, shown in Table I, were 
as follows: 
1) Silica gel (SI): When silica gel was employed to play the role of stationary phase, except 
bromocresol green, all dyes are strongly adsorbed and remained at the point of application 
irrespective of the charge of the eluent (M1-M3). Bromocresol green showed reasonable 
mobility with M2 (RF = 0.51) and 1VI3 (RF = 0.43). Hence, for further studies silica gel was not 
used except for some separations. 
2) Alumina (S2): On alumina, all anionic dyes except bromocresol green remained near the 
point of application. Bromocresol green produced tailed spot with Ml (RF = 0.64T) and compact 
spots with M2 (RF = 0.69) and M3 (RF = 0.83) showing reasonable mobility and hence it can be 
separated selectively from other anionic dyes using M2 or M3 as eluent. As far as cationic dyes 
are concerned, all showed RF in the range 0.30-0.63 with Ml as eluent. Except rhodamine B, all 
other cationic dyes produced tailed spot either with M3 or with both M2 and M3. 
3) Keiselguhr (S3): On S3-MI TLC system, all dyes were showing differential migration 
behaviour in which xylenol orange, bromocresol green and pyrocathecol violet achieved 
maximum mobility whereas malachite green, brilliant green and rhodamine B showed 
intennediate mobility and the congo red and alizarin red S remained at the point of 
application.However, methylene blue and crystal violet exhibits tailing. With M2 as the mobile 
phase, all anionic dyes and one cationic dye (rhodamine B) moved significantly. Malachite 
green, brilliant green and crystal violet produced tailed spot while methylene blue moved 
slightly. With M3 rhodamine B (RF = 0,53) can be easily separated from xylenol orange or 
bromocresol green (RF= 0.95) s well as from all other dyes (RF ~ 0.07-0.29) listed in Table I. 
Table I: Rp values of dyes on different stationary phases (S1-S3) with different mobile 
phases(Ml-!V13) 
Dyes 
Dl 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 
DIO 
Silica gel (SI) 
Ml 
0.02 
0.03 
0.05 
0.04 
0.07 
0.03 
0.03 
0.06 
0.08 
0.04 
M2 
0.23T 
0.52 
0.20T 
0.05 
0.06 
0.04 
0.07 
0.04 
0.06 
0.03 
M3 
0.25T 
0.43 
0.08 
0.05 
0.08 
0.05 
0.06 
0.08 
0.04 
0.06 
Ml 
0.03 
0.64T 
0.05 
0.04 
0.06 
0.63 
0.42 
0.45 
0.46 
0.30T 
Ri 
Alumina 
M2 
0.02 
0.69 
0.06 
0.03 
0.07 
0.36T 
0.29T 
0.80 
0.81 
0.30T 
i(S2) 
M3 
0.04 
0.83 
0.04 
0.03 
0.05 
0.27T 
0.15T 
0,25T 
0.78 
0.37T 
Keise 
Ml 
0.93 
0.93 
0.07 
0.10 
0.86 
0.61 
0.36T 
0.51 
0.56 
0.29T 
guhr(S3 
M2 
0.96 
0.97 
0.77 
0.87 
0.88 
0.24T 
0.12 
0.39T 
0.83 
0.27T 
) 
M3 
0.95 
0.95 
0.12 
0.29 
0.13 
0.12 
0 .10 
O. l l 
0.53 
0.07 
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On the basis of the above results, it is clear that the preferred order of stationary phases from 
separation point of view of dyes is keiseiguhr (S3) > alumina (S2) > silica gel (SI). For 
achieving maximum chromatographic performance, mixture of alumina and keiseiguhr in 
various ratios as stationary phase were used for separation purpose using mixed surfactants as 
eluents.Thus, alumina was homogenized with keiseiguhr in varying proportions (1:9, 2:8, 3:7, 
4:6, 5:5, 6:4, 7:3, 8:2 and 9:1) and the resultant slurry was used as stationary phase. Similarly, 
aqueous solutions (1% w/v) containing CPB: Brij-35 and NaDC: Brij-35 in varying ratios (1:9, 
2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2 and 9:1) were used to examine the mobility trend of all dyes. From 
this study, alumina:keiselguhr (1:1, S4) and CPB: Brij-35 (1:1, S5) was selected as the best 
possible combination of stationary phase and mobile phase for the resolution of quaternary 
mixture of dyes into it's individual components. When mixture containing bromocresol green-
malachite green- rhodamine B-congo red was chromatographed with this most favourable TLC 
system, all four components migrated differentially resulting in their separation. (Fig.I) 
O 
0 
0 
Broinocresol green 
MkUchite green 
Rhodanmifi B 
Congct r«d 
J- pouit of npplK ahoii 
Fig. I. Separation of dyes from their mixture (bromocresol green-malachite green-
rhodamine B-congo red) on biphasic alumina-lteiselguhr (1:1) as stationary phase and 
equal volume mixture of 1% (w/v) aqueous solution of cetylpyridinium bromide and Brij-
35 in 1:1 ratio as mobile phase. 
Various chromatographic parameters for this separation, such as ARF, a (separation factor) and 
Rs (resolution) were calculated using the following equations: 
i^f^r (broiii4x;re.s<il green iralachilc green) ~ Kp (bromocresol green) "' Rp (niiiliichile green) 
'i'^F(m;ilacliile green rhodamine B) ~ R-F (malachilc green) ~' Rp (rhodamine H) 
/^l^l (riKxIaniine B congo red S) ~ Rp (rluxlaminc B) ^ R r (congo red S) 
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U ^ K-(bmiiio(.resul firccnKl^dnalachilc green) 
w h e r e K(hroiiiocrcsi>lgrccn) ~ ( ' -Kp(hromocrcsol g iven/ Kp(bronH)cresol green)) 
and 
K-(miiliieliiie green) ~ ( ' "'^F(iTialaeliilc green)'K.F(nialacliilc green)) 
U ~ K-(nialaehilegrccn/'^(rliodamine B) 
w h e r e K(,Hoclamino B ) ^ ( l - R F ( r h o d a m i n e B / RRrhiKlamlnc B)) 
Ct - K.(rluKlamiiicB/K(congorcdS) 
w h e r e K(a ,ngo red S) "= ( 1 -Rpieongo red S)/ Rpicongo red S)) 
Rs = X/0.5(d,i, + d,2,) 
where X ^ ARF X I , I is the migration distance of mobile phase d(i) and d,:, were the spot 
diameters of two consecutive spots. 
Table II list the various parameters calculated for this separation and from the table, it is clear 
that satisfactory separation has been achieved when compared with the standard values. 
Table II: Values of different chromatographic parameters calculated for three pairs of the 
quaternary separation (Data taken from Fig. I) 
Dyes 
Bromocresoi green - malachite green 
Malachite green - rhodamine B 
Rhodamine B - congo red S 
A R F 
0.19 
0.25 
0.31 
a 
6 
3 
4 
Rs 
2.1 
1.9 
1.8 
In addition to the quaternary separation, important separations of binary and ternary mixtures of 
cationic and anionic dyes have been achieved using different combinations of stationary phases 
(SI-S3) and mobile phases (M1-M3). Some of such separations are listed in Table II and III. 
Stability is an important and essential aspect of validation in thin layer chromatographic analysis. 
Highly sensitive samples should not decompose during development of the chromatogram and 
should be stable in-solution and on the adsorbent. The intensity of spots on the chromatogram 
should be constant at least for 1 h. In our case, no change in the intensities of the spots was 
noticed during the storage of developed plates, protected from light for periods upto of 72 h, 
indicating good stability of the mixture. 
Because no difference in the RF values of dyes was observed when their Rp values obtained from 
the freshly prepared solutions were compared with those obtained on consecutive thirty days, it 
was concluded that the mixture of dyes were sufficiently stable. 
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Another important property of the method is its reproducibility, defined as the precision under 
different conditions, for example when the method was performed by different analysts and by 
the same analyst on different days. The variation in Rp values of individual dyes measured by 
three different analysts and by the same analyst on three different days did not differ by more 
than ± 5% from the average Rp value indicating a good reproducibility. 
When CPB was replaced with CPC, no change in the mobility pattern of four dyes in their 
mixture was observed but in the case of CTAB, mobility of malachite green and rhodamine B 
increa.sed resulting in the loss of quaternary separation/. This indicated that pyridinium group 
was playing a major role in separation of dyes. 
The substitution of Brij-35 by Brij-78 does not bring change in the migration behaviour of these 
dyes. It indicates that the effect of length of hydrophobic chain of nonionic surfactant is 
ineffective. 
As a result of enhanced solubility, organic additives increased the mobility of all dyes. This 
factor reduces the magnitude of differential migration of dyes and thus the separation 
possibilities are reduced. 
Anionic dyes bromocresol green and congo red possibly formed complexes with all the metal 
cations, as a result of which their Rp values decreased while Rp values of cationic dyes remained 
unchanged.(Table IV) 
Table IV: Rp values of dyes in the presence of metal Ions as impurities 
Dyes 
Metal cations 
Zn-" 
Cd-^ ' 
Ni^' 
cV 
Fe^' 
Rp Values 
Bromocresol green Malachite green Rhodamine B Congo red 
0.69 
0.47 
0.50 
0.63 
0.36T 
0.74 
0.71 
0.73 
0.76 
0.79 
0.49 
0.54 
0.48 
0.52 
0.53 
0.16 
0.06 
0.13 
0.11 
0.10 
The limits of detection of bromocresol green, malachite green, rhodamine B and congo red were 
0.27, 0.19, 0.21 and 0.23 ^g respectively. 
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Conclusion 
Thin layer chromatographic system comprising of alumina:keiselguhr (5:5) as stationary phase 
and mixture of 1% aqueous solutions of CPB and Brij-35 in 1: Iratio as mobile phase is most 
suitable for the resolution of quaternary mixture of cationic and anionic dyes. Furthermore, to 
make the process environmentally benign green eluent like aqueous solution of surfactants has 
been suggested for use in separation science. 
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